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CHAPTER I 
THE SCOPE AND PURPOSE OF THIS THESIS 
Introduction 
This thesis is a service problem -- an attempt to 
organize units in general science for a particular sChool 
according to certain basic psychological and sociological 
principles. No effort is made in this thesis to outline 
these principles or to defend them. They are derived from 
a course in the unit assignment offered in the School of 
Education, Boston University.!! 
Chapters II, III, ·and IV consist of the organization 
of complete units. At the end of the units in Chapter II 
and III are presented alternate introductions to the units 
In Chapter V is presented a unit organization for cadet 
teachers which is presented only to the extent in which 
it varies from the unit-assignment method. 
The Problem of Method 
Difficulties encountered.-- An effort is made to 
organize the subject matter so that it is flexible enough 
!/ By Professor Roy o. Billett. Statement of these basic 
principles and their translation into a general method of 
teaching, appears in a volume by Professor Billett, on the 
:;.F...;:;un::::..:.;:d;;;;.am=.::e;.;;;n:..:t:..:a~l:;:.:s~o::.;;f:;.._S_e=-c=-o:;.;n;;;;.d;;;;.a=-rJI...y_-...;..s..;:;cm=o...;:;o.:;;l;_T...;:;e...;:;a;;_;c;.;;;hi;;;;·;;;;.ng=., to be publishe4 
early in 1940. 
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to meet class differences, and 80 that it may be revi ed 
with a minimum of energy am time, with no loss of value 
in attaining th unit objectives. Individual differences 
must be provided for in order that each pupil may d velop 
to hi full capacities. Illustrative matter is taken~ 80 
far as possible, from the home~ the garden, the street, 
the mine, the farm, the hills, and valleys in the im-
mediate vicinity. 
2 
T.h unit-assignment method.-- The terminology briefly 
r vi wed below, is the terminology used in the course just 
mentioned. However, the definitions of the terms ar taken 
from the writer'• notes on thia course and hence do not 
necessarily represent complete conformity to the meaning• 
intended by th teacher of the course. Nevertheless, the 
definitions do represent what the present writer means 
when he uses the terms. As said before, th contribution 
of this thesis is the application of certain psychological 
principles, represented by these terma, to the organization 
of subject matt r in the seventh-, and eighth-grade general 
science. 
Terms Defined 
The unit.-- The unit is a related area or block of 
subject matter which should be organized for purposeful 
concepts, attitudes, abilities, appreciations, knowledges, 
and skills to be acquired by the pupil. 
3 
The delimitation.-- The delimitation consists or a 
statement or learning products written in declarative 
sentences and as nearly as possible on the pupil level ror 
which they are to be used. The advantages derived from 
this type of delimitation are: (l) The teacher is forced 
to think through and express in writing the exact learning 
products that are to be acquired in the study of the unit; 
(2) The teaCher is given practice in thinking and using 
words on the grade level of the pupils; (3) The teacher is 
given something basic to work from in building the related 
problems 1 activities 1 exercises. projects 1 and questions; 
(4) The teaCher can easily revise the delimitation ror 
different classes by adding to or subtracting from the 
delimitation and related activities in the unit assignment; 
(5) The teacher uses the delimitation as a basis in the 
organization of the unit test; (6) In reteaChing, the 
teacher can check easily the delimitation with the objective 
test and reteach only these parts of th~ delimitation whiCh 
the pupils have not mastered yet; (7) The teaCher can easily 
and efficiently guide the pupil in the case of make-up work; 
(8) The substitute teaCher can do a better job, having a 
definite purpose and direction in mind. 
The rmit assignment.-- The it ssignment should be 
differentiated, stimulating, and Challenging throughout 
with the most desirable use of teaching aids making the 
problematic aspect conspicuous, thus enriching the pupil 
growth in quality as well as in quantity of school work. 
It is expected that revision and supplementation of the 
unit assignment will be made from year to year. The unit 
assignment includes all the means and methode used in the 
achievement of the unit. 
4 
The pupil presentation period.-- At the conclusion of 
the required work and optional-related-activities period 
the pupils present to the class the results of their find-
ings, problems, projects, exhib~ts and drawings. The 
giving of alsea approval and recognition to the pupils 
presenting material is necessary for pupil encouragement 
in optional work, and eerves as an incentive for other 
pupils to complete activities which in the teacher's judg-
ment it is best to present to the class. Much of the dis-
cussion and comment during this period helps to clarify 
misconceptions and olinoh other concepts, attitudes, and 
appreciations. The potentialities of the opaque projector 
and stereopticon are many, especially during this period. 
The teacher is conspicuously in the background and comments 
only when it seems for the best interest of the class. 
The study guide.-- The study guide is a mimeographed 
sheet given to each pupil. It assists him in acquiring the 
learning products of the unit at his own rate of learning. 
It provides for worthwhile problems, projects, activities, 
questions, exercises, ideas, and references. It encourages 
and challenges the pupil to grow as an independent worker 
with a minimum of guidance and supervision from the teacher. 
Optional related activities.-- An accumulative list 
of optional related activities, mostly projects and prob-
lems, is suggested by the teacher and prepared for the pur-
pose of enriching and assisting the pupils in the mastery 
of the unit. The activities may be differentiated in degree ! 
of difficulty to meet the abilities, interests, and needs 
of t e pupils, for the further exploration of the unit. 
Before the pupils do any of these activities they must fin-
ish the minimum requirements of the unit. Special emp~sis 
is made by the teacher, while explaining the use of sug-
gested activities, to encourage the pupils to initiate 
their own activities. If approved by the teacher, these 
may be added to the list which is already a part of the 
growing file. Many of these related activities can be in-
tegrated with other subjects, thereby giving the pupil an 
opportunity for enrichment in the quality at the expense 
of the quantity of sohool work. Each activity is typed on 
a 2! by 3t inch card and filed in a box kept on the teach-
er's desk. As a unit is completed the optional-related-
activity oards for the new unit are inserted in the file 
box. 
Testing.-- The testing in the unit assignment is 
6 
measured to some extent by oral and written classwork of 
the pupils and further by a mastery test. The mastery 
test consists of objective items written in the for.m of 
completion, matching, and chronological order statements. 
Most of the learning products or concepts which are in-
cluded in the area of knowledge for each unit may be 
measured by an objective test. 
ProTision for indiTidual differences.-- During the 
development of the unit assignment the teacher is expecte~ 
to bear in mind the various abilities, interests, and 
needs of the classes and thus allow for the building of 
many of the activities in differentiated ways. Most of 
the provisions for indiTidual differences grow from the 
further exploration and enrichment of the units by means 
of the optional related activities. Some actiTities of 
the minimum requirement are especially developed to 
further provide for individual differences with the 
slowest pupils. This organization and flexibility should 
insure the pupil of the opportunity to progress at his own 
rate of speed and on the level which his intelligence will 
permit. The minimum requirement of the unit is based on 
the ability of the slowest pupils. 
Approximate time allotment.-- The approximate time 
allotment is only tentative and is subject to change to 
fit the intelligence and the rate of learning of the 
individual class for which the unit is used. 
The School Wherein The Following 
Units Are to Be Used 
Organization.-- The junior high school, a ten-room 
building, is equipped with rooms for science, manual, and 
domestic arts. Approximately two- hundred junio~ high 
7 
pupils, who are organized on the departmental plan, are en-
rolled in this building. The f'acul ty consists of a prin-
cipal, eight full-time teachers, and five part-time teachers. 
The latter teach music, art, manual, and domestic arts, 
·and physical education. The program follows that of a 
modern two·- year junior-high school with opportunity for ex-
ploration in the previously mentioned fields. The organi-
zation and administration are controlled by a teachers• 
college whic~ is wi thl.n a walking distance of ten minutes 
from the junior high, a training school of the college. 
Data available.-- Information concerning the pupil is 
kept on file in the office or the principal and is nccess-
ible to the teacher. ThBs vailable data include: , parti- ~ 
cipation in extra-curricular activities; marks in music, 
art, physical education, manual arts, domestic arts, French, 
and other prescribed subjects; health records, information 
about the parents, results of a standardized test!( and 
out-of-school jobs and activities. The principal also 
y Truman L. Kelley, Giles M. Ruch, and Lewis M. Tennan, 
New Stanford Achievement Test. World BoOk Company, New 
York, 1931. 
' 
assumes the respo~sibility of knowing the parents person-
ally, as well as the home conditions, for the purpose of 
assisting the teaChers and giving guidance to the pupils. 
a 
The community.-- The school is located in a city in 
southwestern New Hampshire. The city has a population of 
131 250 and has a trading area containing 35,000. There ar 
52 small industries of a diversified nature and these, plus 
'the trading business of the local merChants, comprise the 
·main economic activities of the people. In the section in 
which some of the pupils live farming is the chief occupa-
tion. Although approximately one-third of the parents are 
foreign born, about 99 percent of the pupils are American 
born. The city maintains a supervised playground program 
in the morning and afternoon during the summer months. 
The Class for Which These 
Units Were Organized 
Classification.-- Two of the units are written for 82 
seventh-grade pupils and two units are written for 79 eighth-
grade pupils. Each grade is divided into three groups. 
The het~rogeneity of the classes is reduced by grouping 
together the pupils Who elect French, and by the classifi-
cation of the remainder of the pupils of each grade on the 
· basis of the reading abili.ty.!l and the average of their 
1/ E. L. Thorndike and W. A. McCall, Thorndike-McCal~ 
~eading Scale, Teachers College, Columbia University, New 
York. 
sCholastic aChievement. The mean for the seventh-grade 
reading ability is grade 6.5. The mean f'or the reading 
ability of the pupils of' the eighth-grade is a.o. The 
9 
teacher load, mich is approximately 24 as compared to the 
average 31 for the country, is based on Douglass' formula.!! 
This comparatively low teaching load, plus the assistance 
of the cadets, allows the teacher to give individual help 
to pupils in need. Often homogeneous grouping within the 
class is made to provide further for the individual dif'-
f'erences of the pupils. 
Number o·f pupils in each group.-- The number of pupils 
in each of the three seventh-, and eighth-grade groups is 
as follows: 
Seventh grade 
7Y- 24 
7X 34 
7F - 24 
Eighth grade 
8Y - 27 
ax 28 
8F - 24 
Chronological age.-- The youngest pupil in the school 
is 11 years and 5 months, and the oldest is 16 years and 10 
months with the pupil range of 5 years and 6 months • The 
seventh-grade mean is 12 years and 5 months and the eighth-
gre.de mean is 13 years and 5 months. 
Nationality of parents.-- Approximately 30 percent of 
the foreign-born parents, who also speak their native tongu 
1/ Harl R. Douglass, Organiz tion and Administration of' 
Secondary Schools. Ginn and Company~ Boston, MassaChusetts, 
1932, pages 114-121. 
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at home are, in order of largest percentage, Greek, FrenCh, 
Italian, and Finnish. The remaining 70 percent are Ameri-
can born with English speaking parents, but with a vari e ty 
of backgrounds. This information is important to the 
teacher in building the reading vocabulary of ·the unit 
assignment. 
The occupations of the parents.-- The occupations of 
the parents of the pupils are more diversified than even 
the 52 industries, and include additional occupations such 
as teaCher, doctor, farmer, clerk, printer, lawyer, proprie-
tor, and plumber. 
Out-of-school activities.-- The out-of-sChool activities, 
besides the regular home duties and chores of the pupils, 
include: membership in the Y. M. c. A., Y. w. c. A., girl 
scouts, boy scouts, pioneers, sChool teams in sport, and 
independent sport groups. The selling and peddling of news-
papers and magazines are important activities of several of 
the. boys. These, together with club ac.tiVities of the re-
gulal .. school program which include: dramatics, manual arts, 
domestic arts, French, Latin, crafts, stamp, music, art, and 
science, give the teacher an opportunity to integrate, dif-
ferentiate, and enrich the unit assignment with the 1nteres s 
and needs of the pupils. The optional related activities 
is perhaps the best single phase of the unit assignment 
which provides for this enriChment in the abilities, in-
teres~ and needs of the pupils. 
A Discussion of the Units and 
Unit Assignments Submitted 
~1 
Purpose.-- In the science course for the seventh and 
eighth grades the pupils study approximately 20 units whiCh• 
in the judgment of the teacher, best serve the purpose for 
desirable adaptation and adjustment of the pupils to the 
immediate environment. The units consist of single con-
cepts in which, in the main, the emphasis is on knowledge 
used for intelligent participation in activities of the 
local surroundings. Three units, one for the seventh grade 
and two for the eighth grade, for the teaching of general 
science are submitted in this thesis. 
Selection.-- The units which are selected and submitted 
in this study deal w1 th topics included in most general 
science courses or study. The units which comprise this 
work are on the topic: OUr Water Supply to be used with 
the classes for the seventh grade, and the topics: Uses 
of the Air and Weather and Climate to be used with the 
classes for the eighth grade. 
Introductions.-- The old maxim, "Well begun is half 
done., 11 is just as true in teaching as in any other i'orm of 
activity. The introduction is an important phase of the 
unit assignment and often is given less attention than it 
deserves. Introductions vary in length depending on the 
purpose which the teacher has in mind. The main purpose of 
=======9F================================================ l2 
the introduction is to do part or all of the following: 
stimulate, interest, arouse curiosity, give an overview, 
or justify the unit to the pupils. In justifying to the 
pupils the area of subject matter to be studied, by the 
creative method of approach, the teaoher can easily in-
corporate the other mentioned objectives. The introduc-
tion should oause the pupils to feel that here is an area 
of knowledge which is worth acquiring for its own sake 
and immediate value. Aware of the imp~rtanoe of intro-
ductions, the writer has made alternate introductions, 
any one of which is planned to obtain good results for the 
eighth-grade unite; Weather and Climate and Usee of Air. 
These alternate introductions are found at the end of their 
respective unite. There are, or can be, various types of 
introductions to unit assignments and part of the contri-
bution of this thesis is to present several introductions. 
The different introductions included in this thesis are: 
(1) group study and pupil demonstration, (2) story and 
discussion, (3) questions and discussion, (4) independent 
study with the aid of an introductory guide sheet and 
teacher demonstrations, (6) teacher demonstrations, (6) use 
of instruments, teacher demonstration, and discussion, (7) 
current events and discussion, (8) superstitions and 
current-events, (9) sound motion picture, directing ques-
tions, and objective test. 
13 
Use of the available textbooks.-- It is almost im-
possible for textbooks in general science whiCh are written 
for the whole country, to be specific concerning an im-
mediate environment which is the area of adjustment and 
exploration in the teaChing of general science for a partic-
ular class. The textbooks are a great aid to the teaCher 
in the selection and organization of the material for the 
important concepts, needs, abilities, and interests of the 
pupils, but it remains with the teacher to transfer these 
into known and familiar problems which concern the environ-
ment of the pupil. It is sufficient to 1nention that some 
units involve the textbooks more than others, but on the 
average the texts are used for diagrams, charts, tables, 
demonstrations, and for independent as well as supplementary 
and review study in the classwork. The classes of the wrir-
er are fortunate to possess thirty-five copies of eaCh of 
two generally recognized textbooks in general science and 
several single copies of other books in the same field. 
Vocabulary.-- The Science of Everyday Life by Van 
. Buskirk and Smith and Everyday Problems in Science by PeipeD 
and Beauchamp, the two available class textbooks, were 
evalua~ed by means of the Vocabulary Grade Placement Fonnula!l 
and· are rated respectively for vocabulary difficultyg/grade 
1/ City School District, Los Angeles, California. Vocabulary 
rrrade Placement Formula. Revised to March, 1937. 
2/ Vocabulary difficulty is a...me.asure of the proportion of 
technical or special meaning words used by the author. 
placement 7.3 and' 8.4 and for vocabulary diversit~ grade 
placement 9.1 and 6. 5. This is additional proof to the 
teacher that discreti on is necessary in the assignment of 
the reading material within the books. The rating of these 
texts is an advantage for differentiating, for the various 
needs and abilities of the pupils, the reading references 
in the unit assignmen t within the same text. 
The need of many references.-- The need of many supple-
mentary reference~ i n teaChing general science is obvious 
because of the broad field of subject-matter which is in-
cluded in the course of study. No single text could be 
expected to include the necessary infor.mation, best ex-
periments, and demons trations required for all the units. 
Another limitation i n books is the point of view and ex-
periences or an author. A third reason for many references 
is because of the Cllr rent problems and inventions which can 
only be immediately explained and related by newspapers, 
magazines, radio, and moving pictures. The importance of 
references for these everyday happenings adds life, interest 
and meaningful ctlscus sions to the clasaes. The unit assign-
ment allows for this flexibility of subject-matter organiza-
tion. 
Increasing the vocabulary.-- The technical words used 
in general science a r e at a minimum. The vocabulary of the 
1J VocabUlary divers ity is a measure of variety of words 
not necessarily in di fficulty, in themselves. 
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delimitation and the unit assignment attempts to challenge 
the pupils to the gradual development of their vocabulary 
not only in the techni cal terms of general science but also 
of more common words. Increasing the vocabulary also affords 
the opportunity to teach the pupils the proper use of the 
dictionary and reference books for efficiently finding the 
definitions and usages of the words. It is not enough for 
the pupils to know how to find the word meanings, but the 
important function is to have the pupils properly use the 
words and correctly i nterpret the meanings as they come in 
contact with these wor ds in their reading. T.he tentative 
vocabulary list is found at the end of each unit assignment. 
Use of visual aids.-- Perhaps no other subject offers 
the teacher a better opportunity tor the use of visual aids 
in teaching than does general science. Demonstrations, ex-
periments, home-made and photographic glass slides, trips, 
Charts, filmslides, eJanbits, collections, films, pictures, 
and newspaper clippings are many of the aids which the 
writer uses in the cla sses. The use of teaChing aids is 
justifiable only if better understanding and retention is 
obtained by the pupils through their use. By-products of 
visual aids are more i n terest, stimulation, and curiosity 
shown by the pupils i n the classwork. The school for which 
these units are written has the use of all the facilities of 
the teachers' college, of which it is a part, and these · 
--
include: stereopticon, opaque, fiLmslide, and motion 
picture projectors, both silent and sound. 
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Revision.-- The unit for the seventh-grade topic: ~ 
Water Supply is a revision of the unit actually taught. It 
is expected that all units will be constantly revised from 
year to year because only through such revision will tne 
teacher grow and improve the effectiveness and efficiency 
of the teaChing method. At no time does the writer expect 
that the units will fit any given situation perfectly. 
Approximate time allotment.-- The approximate time 
allotment of the unit is stated, followed by the delimitation 
and preceding the unit assignment. The varying time allot-
ments in these units are 12 to 16 periods of 45 minutes in 
length which are scheduled for three periods a week. The 
presentation period is perhaps one of the greatest single 
factors for the indefinite time allotment of a given unit 
because this period depends upon the extent to WhiCh option-
al related activities are completed by the pupils. 
List of references for pupils use.-- At the end of eaCh 
unit there is a list of references which are most helpful 
for the mastery of th unit. To avoid repetition a code is 
used in the unit assignment, designated thus: (2:63-65), 
meaning the second book on the list, pages 63 to 65 inclusiv , 
(1:45-51), meaning _the first book on the list, pages 45 to 
51 inclusive. 
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Testing.-- Two mastery tests are submitted for each 
unit. One is in the for.m of an objective completion test 
with matching and, or, chronological items included. The 
second test is in the for.m of a crossword puzzle with com-
pletion statements used to solve the puzzle. Completing 
the puzzle acts as a check in doing the completion state-
ments. The puzzle test may be used as an alternate test 
after teaChing the unit, or as a mastery test after re-
teaching the unit, as well as a tea~hing device in the body 
of the unit assignment. Perhaps, the greatest contribution 
of the crossword puzzle test is the interest which is devel-
oped while taking the test. Objective-type tests are used 
because of the ease of administration and ease of scoring. 
The keys to these tests are found in the appendix. 
Unit Organization for Cadet Teachers 
Difficulties that face cadet-teachers.-- With an ap-
preciation of the obstacles of organizing a unit which face 
a cadet during practice teaChing, the writer has prepared a 
plan for procedure in unit organization modifying .the unit-
assignment method. 
A study made by Nichols in her master's thesis!/ in 
1932 brings out many of the important student-teacher dif-
ficulties. She prepared a questionnaire and distributed it 
to 63 cadets at the beginning and at the end of their first 
nine weeks period of practice-teaChing. Miss NiChols received 
1/ A. M. Nichols, Value and procedure in using schemes for 
~~====~--evaluatin studentzt8acliers witn spec1al reference to New 
Hampshire, a thesis in ~ston University Library, l932. 
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53 complete sets o~ answers. She tabulated the results as 
in Table 1. (The percentage figures are the present writerrs). 
The writer believes that his plan of procedure for 
unit organization will help lessen these difficulties. The 
ef~ects of lack of experience should be reduced by giving 
the cadet a maximum of experience during the time he is 
teaching. Faulty knowledge of unit subject matter should 
be lessened by the writer's plan of organization~ whiCh 
calls for complete knowledge o~ unit subject matter by the 
cadet before the unit is wr.itten. Planning lessons will be 
made easier by a system of preparation involving the gather-
ing of necessary information and materials beforehand. 
' 
Disciplinary and other actual teaching problems should be 
lessened automatically by carrying out the foregoing steps. 
Problems raised by the remaining di~ficulties listed by 
Miss Nichols do not come within the scope ot the present 
thesis. 
Table 1. Answers from a Questionnaire Administered to 53 
Cadets at the Beginning and at the End of a Nine-
weeks Period of Practice Teaching. 
51 96 
38 72 
33 62 
31 58 
31 58 
First Questionnaire Second Questionnaire 
Lac of experience 
Discipline 
Laclt o~ subject 
matter 
Taking directions 
Planning lessons 
*Equal mention 
ound difficu ties 
Lack of experience 
Lack of subject 
matter 
Discipline 
Planning lessons 
*Supervising playground 
*Actual teaching 
~m a ling w1 th parents 
*Personalit 
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Unit material in topic questions.-- The critic teachers 
are to break up subject-matter into distinct units of work 
for periods of nine weeks. Each unit is essentially written 
into topic questions which cover the most important ~earn­
ing products to be acquired in the study of tba unit. The 
nine-week units of work are given to the cadet by the critic 
teacher as soon as the subject assignment for the cadet is 
made. 
Minimum and optional unit references . - - The reading of 
the cadet is guided by the critic teaCher who supplies a 
list of selected references which are most essential to the 
learning of the unit. These references also should give the 
cadet the supplementary background which is necessary for 
the teaching of the unit. It is most important for the 
cadet not to make written work plans until these three to 
five references, minimum reading for the teaching of the 
unit, have been read. The critic teacher also should supply 
some optional reading references for the cadet as further 
background material for the teaching of the unit. If the 
critic teacher thinks it necessary a "check-up" on the 
reading references may be made easily in a group discussion. 
Delimitation of unit.-- Only aft r the required read-
ing is done, are the cadets allowed to write the delimitation 
of the unit. With the aid of the topic-questions to guide 
them the cadets delimit the unit incorporating the features 
of the delimitation which are explained to them by the 
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critic teacher. 
Gmdding the cadet with teaChing aids.-- With a good 
knowledge of the subject-matter, and a supplementary back-
ground, the cadet makes a list of available teaChing aids 
to be used in the teaching of the unit. The critic teacher 
guides the cadets in this by giving to each a mimeographed 
sheet of items which suggest to the cadets possible teaCh-
ing aids for the unit. The cadet is instructed to use 
those aids which best will accomplish the objectives of 
the unit. 
Writing the introduction to the unit.-- The writing o~ 
an introduction to the unit by the cadet teacher should be 
simplified because of the directed preparation of the read-
ing, which consists o~ reading . selected references, 
crystalization of learning products through the writing o£ 
the delimitation, and the writing of the suggested teaching 
aids which are to be used in the teaching of the unit. 
Budgeting written material into daily lesson plans.--
Following the writing of the introduction the cadet budgets 
the items of the delimitation and the teaching aids into 
daily lesson plans. These necessarily are only tentative, 
but serve as a means for the cadet to plan the unit in an 
organized form of sequences. 
The unit assignment.-- Bearing in mind the limitations 
of the cadet, the critic teacher guides him in making the 
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best unit assignment that the ability and experience o~ 
the cadet will allow. The budgeted lesson plans should be 
o~ great help to the cadet in making the unit assignment. 
Realizing that cadets often teach three or four different 
subjects while practice teaching 1 it is unfair to expect 
too much detail at this time in the unit assignment organ-
ization. The detail will be more complete in the planning 
of the daily lessons. 
The daily lesson plans.-- The cadet teacher writes 
lesson plans on cards which are 3 by 5 inches. The notes 
of the lesson plans are taken from the unit assignment with 
the necessary Changes made to fit the class situauons. 
Daily lesson plans are submitted to the critic teacher at 
least two days in advance, to allow time for correction 
and suggestion. The daily lesson plans written by the 
cadet are expected to include the good features of various 
types of lesson planning with the daily objective or ob-
jectives, pupil activity, and teacher guidance. They may 
also contain the materials to be used and a space ~or the 
results of the lessons, which are to be noted after eacn 
lesson is taught. 
T.he objective test.-- After the cadet has taught at 
least half of the unit an objective test for the unit is 
submitted to the critic teaCher ~or approval. 
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The extent to whiCh the sample of the cadet unit is 
presented.-- The sample unit in cadet f orm on Weather and 
Climate which is presented in Chapter V is developed only 
to the extent to which the material organization varies 
from the unit-assignment method. The writer has not re-
peated the unit assignment or objective test which are 
contained in Chapter II. 
CHAPTER II 
WEATHER AND CLIMATE 
The Unit 
Weather and climate are two of the most fundamental 
factors in man's environment. These factors determine 
where man lives, and, to a great extent, how he lives. 
Man adjusts himself to them largely through an understand-
ing of these factors. 
(Approximate time allotment - fourteen periods) 
Delimitation of Unit I 
1. Common weather signs and sayings are sometimes, 
but not always, true. The scientific attitude and method 
of approaCh are important in order to accurately determine 
the reliability of these weather signs and sayings. 
2. Weather conditions such as temperature, air pres-
sure, moisture in air, direction of wind, speed of wind, 
and amount of rain or snow must be observed and recorded 
in order to accurately. forecast the weather. In respective 
order; . the instruments used are thermometer, barometer, 
hygrometer, weather vane, anemometer, and rain gage. 
3. Wind is air in motion and is caused by differences 
in air pressure at various points on the surface of the 
- 23 -
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earth. The three connnon causes of air pressure that are 
known are heated air whiCh expands and becomes lighter, 
moist air whiCh is lighter than an equal volume of dry 
air, and third is the presence of air waves which are 
caused mainly by the unwveness of the surface of the land. 
4. Great high- and low-pressure areas develop within 
this moving body of air and move eastward, bringing changes 
in local weather. 
(a) A high, because of the sinking air ·within it, 
usually has clear, cool weather with winds blowing out-
wardly. 
(b) A low, because of the rising air within it, 
usually has cloudy weather with inwardly moving winds. 
(c) The general movement of air in the United States 
is from west to east. 
5. Water is always present · in the air in the for.m of 
water vapor. The water rises into the air in the form of 
water vapor, by a process called evaporation. 
6. The amount of water vapor in the air affects our 
health and comfort, both indoors and out. It has much to 
do with the weather, because when the humidity is high, the 
water vapor may easily be Changed into the liquid form. 
7. When the temperature of the air is lowered suf-
ficiently, condensation of water vapor takes place • . When 
water vapor condenses in drops large enough to fall .to the 
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earth, precipitation takes place. If the temperature is 
\ 
above 32 degrees Fahrenheit it falls as rain; if the temper-
ature is below 32 degrees Fahrenheit it falls as snow. 
a. When condensation occurs near the ground after the 
air has reached the saturation point, mist or fog is pro-
duced. When condensation takes place high in the air, 
clouds are formed, and, if it is cold enough, the moisture 
is frozen into snow or hail. 
9. There are several kinds and combinations of clouds, 
the following being the most common: Nimbus is a general 
term usually applied to any cloud from which rain or snow 
is falling or may fall. It consists of a thick layer of 
dark clouds without sh pe, and with ragged edges. Cumulus, 
sometimes called wool-pack clo~ds, are dome shaped on the 
upper surface, while the base is flat. The margins of 
these clouds have projections which remdnd one of puffs of 
smoke. Cirrus is a fleecy kind or cloud that is very hig~ 
in the sky, and which is delicate in appearance, often form-
ing a structure appearing like feath rs. The highest cirrus 
clouds do not consist or mist, but of very small ice cry-
stals which are formed because of the great cold at that 
height. Stratus is the variety which usually covers the 
whole sky on dark days, although at times it may be· broken 
up into parts by the wind or b7 tops or mountains. 
10. The water cycle is the constant process or 
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evaporation and condensation in which clouds are formed, 
rains fall, and rivers flow to the sea where the water is 
again evaporated. 
11. The local storm, the effect of which is felt over 
a small area of a few miles wide, is characterized by 
temp era ture, humidity and wind conditions. The sudden 
summer thund~rstor.m is the best example of a local stor.m. 
12. The weather bureau can predict in a scientiric 
way the coming weather. Twice a day at 8 A. M. and 8 P. M , 
Washington time, the two hundred branch weather stations 
take observations of local temperature, air pressure, 
precipitation, directions, and velocity of the wind, state 
of the weather, as well as the maximum and minimum tempera-
tures since the last observation. These observations ar 
telegraphed to the state centers. Each state expert pre-
pares a · composite account of the state conditions, and 
' telegraphs it in code t~ Washington. Weather conditions, 
are marked on a map of North America -- 12 feet long by 
8 feet high -- as they are reported by telegraph. From th 
composite accounts of eaCh state the chief forecaster is 
able to get a bird's-eye view of the country's weather, 
and, from his knowledge of the laws of weather conditions, 
can forecast for several days in advance. 
13. Weather forecasts and warnings protect lives, 
crops, shipping, and property. 
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14. Climate refers to the average weather conditions 
over a period of years in a certain region, and the ex-
tremes of temper ature, rainfall, and wind conditions. 
Introductory period. 
Introduction by the use of instruments, demonsbrations, 
and discussion. 
1. Mark Twain said: "If you don 1 t like the weather 
in New England, wait a minute". ~t does Mark Twain mean 
by this? Is this true? If this is true, What difference 
does this make to the industries and customs of New England? 
2. Demonstrations: Water creates force while freez-
ing. The teaCher fills a test tube .with water and seals 
it air tight. This is placed in a tin pail and surrounded 
with Chips of small pieces of i ce a s in Figure 1. 
/'---------~ 
\1 I 
·\ 40.~ed ~fb/~/A ~/""h...-::: 
 
Figure 1 . ater creates a force on freezing!/ 
y The size of the figures, diagrams and charts are made 
especially for r eproducing them on home-made-glass- slides . 
The glass s l ide is placed over the figure, diagram, or 
chart and the drawing i s traced on the glass-slide. The 
glass-slide is used in the stereopticon projector and is 
keJ:)t in permanent fonn in a growing file. 
.. , 
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Following the packing, a handful of salt is spread over 
the ice. The salt speeds the freezing of the water in the 
test tube. In several minutes the tube will break. The 
teacher asks the class,: What caused the tube to break? 
Can you recall occurence of this action on the roads and 
sidewalks? Where? What causes large rocks to crack? The 
teacher shows pictures of rocks which have cracked because 
of water freezing in the crevices. 
3. The teacher displays to the class the weati~er in-
struments: thermometer, barometer, vane, hygrometer, rain 
gage, and anemometer. If these instruments are not avail-
able use pictures in an opaque projector or make glass 
slides and project these on the screen. Directed to the 
class: What are the names of these instruments? Where 
have you seen these materials? Vfuat are the uses of these 
ins trume n ts? 
4. Is forecasting the weather important to man? Why? 
5. Demonstration: Evaporation of water. With the aid 
of an eye-dropper, drops of water are spread on the black-
board by the teacher. The class observes. Now you see 
the water and now you don 1t. What has happened to the 
water? Where has it gone? 
6. Demonstration: Wind increases the rate of evapora-
tion. With the use of a wet sponge the teacher makes two 
spots on the blackboard which are about three feet apart. 
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The teacher fans the air on one of the wet spots and asks 
why the fanned spot dries first? Will clothes dry mor 
quickly on a calm or windy day? Explain. 
7. Demonstration: Heat increases the rate of evapora-
tion. The teaCher heats one spot of the blackboard with 
a bunsen flame, then with a sponge makes a wet spot on a 
heated area and another wet spot on a cold section of the 
blackboard, which is at a distance of three feet away. 
Why did the heated area dry first? Will clothes dry more 
quickly on a hot or cold day? Explain. Additional questions 
concerning the above demonstrations to be discussed by the 
class might include: 
(1) Why does a windy day seem colder than a ca~ day 
of the same temperature? 
(2) Why are we uncomfortably hot on a damp day in 
summer and uncomfortably cold on a dry day in winter? 
(3) Why does a drop of alcohol or ether on your finger 
make that finger feel cold? 
(4) How does an electric fan cool one1 
a. Optional: The teaCher explains to the pupils that 
if they have questions concerning the instruments or de-
mon$r.!tions to write these questions on a piece of scrap 
paper and place them in the question box. T.he pupil's name 
is not required on the paper which bears the questions. 
The question box may be made from a shoe box which has a 
---
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slit cut in the top1 which should be fastened. This 
activity will continue throughout the unit. Two volunteer 
pupils may be made responsible for the mechanics of this 
voluntary activity. Recognition may be given by the tea-
cher to· the most common questions during a lesson period. 
Class discussion and individual procedure. 
*l• Why didn 1 t we play football last Thursday? *Is 
there any way of knowing beforehand what the weather is 
going to be? How? 
*2. Before weather bureaus were in use, how did peopl 
forecast the weather? 
*3• Let us make a list of these signs and sayings, 
first on our papers, then a class list on the board. Sev-
eral suggestions may be found on a separate sheet.!! *Ask 
your parents and friends if they can add to your list of 
weather signs and sayings. Are the sayings true? Does it 
make any difference whether they are true? Why? *How can 
we find out if weather signs and sayings are always true? 
*Experiment: Pupils keep a careful record of at least five 
of the most connnon signs and sayings using the form in 
Table 1. 
Table 1. Per.centage of the reliability of five weather 
signs or sayings. 
Signs and Sayings True False Percent True 
See appendix 
{~e asterisk preceding any item, problem, question, or 
explanation is an indication that this item will be part o:f 
the study-guide sheet which is given each pupil as an aid 
to the achievement of the unit. 
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The results will be reported to the class during presenta-
tion period. 
*4• What are the factors \mich are included in the 
tenn "weather"? *What does temperature mean? How is it 
measured? 
5. Demonstration: A thermometer. The teaCher shows 
the class the th rmometer and a large board diagram. 
{1:86,7, Figure 46-7) (2:94-s)Y Has a. thermometer any 
other uses besides measuring the heat or cold of the air? 
What? 
*6• How is the wind direction known? imoes the arrow 
point in the direction in which the wind is blowing? 
*7• Demonstration: The arrow of the weathervane 
points into the wind. Using a simple weather vane or card-
board vane and an electric fan, as in Figure 2; the teacher 
with the aid of the class, specifies the-north, east, south, 
and west sides of the room. Wind created by the fan, is 
directed on the weather vane. Which way does the arrow 
point in relation to the wind? Why'l Knowing the direction 
of the room, the teacher may further drill the pupils in 
reading the weather vane by changing the wind direction of 
the ran. {5:307, Figure 233) {3:209) 
1/ The numbers in parenthesis (2:63-5) in- the unit-assign-
ment are a book reference which is found at the end of the 
unit. For example, (2:63-6) reads: second book, pages 
sixty-three to sixty-five inclusive. 
Figure 2. The weather vane points into the wind 
~E-8. Does all wind travel at the same rate of speed? 
How do you k.now it doesn't? Is the rate of the wind 
measured? How? (5:340) 
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9. Demonstration. Use glass slide in projector and 
show picture of an anemometer. A board diagram as in 
Figure 3, or picture placed in an opaque projector will 
be satisfactory. (2:93, Figure 93) 
':J 
®~0 )' 
,-
Figure 3 . The anemometer 
Why does this device have cups? Where is the system of 
clock work located which registers the rate of speed? 
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10. Pupil demonstration. The teacher appoints a pupil 
who has a speedometer attached to his bicycle to bring the 
bicycle to class. With the aid of the diagram or picture 
of the anemometer the teaCher supervises the pupils' dis-
cussion of the comparison of the system of clock-work which 
registers the rate of speed. 
11. If moisture is in the air why can•t we see it? 
(2:103-4) How does this invisible water vapor get in the 
air? (1:141-43) 
12. Demonstration: Evaporation of water. The tea-
Cher using an eyedropper places several drops of water on 
the blackboard. The class observes the evaporation of the 
water. What is this process called? What are two methods 
of increasing the rate of evaporation? How does knowledge 
that the rate of evaporation is increased by heat and wind 
help you in your daily life'?' 
~1-13. How much of the earth is covered with water? ~If' 
the earth's surface is three-fourths water, would you say 
that little or much water is being changed to water vapor? 
*14. Will moist or dry air absorb moisture more 
readily? Why? I:r you were drying clothes wlrl.Ch day would 
you prefer'? 
15. Experiment: The sun increases the rate of 
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evaporation. The t acher arranges this experiment. Pour a 
measured amount of water in a wide mouthed glass container. 
Place this in the sun. Place a duplicate container with 
the same quantity of water in a dark corner of the room. 
The class appointk two boys and two girls to record the 
amount of evapora ·ion from each container at the end of 
each class period During presentation period a report 
will be made cone rning the experiment. *Why did more 
evaporation take lace in the sun exposed container? (1:149) 
16. Experime t: Wind increases the rate of evaporation. 
The teacher place approximately the same number of drops 
of water on each nd of the blackboard, and employs an 
electric or hand perated fan on the drops at one end of 
the board. A pup i l, appointed by the teacher, recorda the 
difference in len th of time taken for the drops to evapo-
rate. *Does wind speed on evaporation? (1:142) *Would your 
clothes dry faa te r on a calm or windy day? IT the wind in-
creased would th . r ate of evaporation increase? *What, be-
aides bodies of ater, is another source of water vapor~ 
*17. Speeia report. Demonstration: Water vapor gets 
in the air from ?lants. (1:140, Figure 67) A volunteer 
pupil may be res . onsible for this demonstration. 
*18. Why do sn 1 t all the water evaporate from the 
·surface of the e th? 
19. Demonst ation: The water cycle (1: 148, Figure 70) 
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The teaCher may re] roduce a glass slide from Figure 4 to 
assist in the expl ation of the water cycle. Would it be 
possible to live wi thout the water cycle? Is there any re-
lationship between the law of matter and the water cycle so 
that no matter can be destroyed or created? If so, what? 
Fig 4. The water cycle 
20. What is ater vapor called? What is relative 
humidity? (2:104) (1:83-4) Are water vapor, moisture, and 
humidity the same 
21. Demonstr tion: Analogy of sponge and water with 
air and water vapor. Teacher uses a glass container partly 
filled with water and dips the sponge in the water. Where 
has the water gon ? Can you see it in the sponge? In the 
same way the air eta as a sponge in holding water. Is the 
sponge soaked to t he extent that it cannot hold any more 
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water? If not, then the relationship of th~ water which the 
sponge now holds i n proportion to the amount to be held, if 
it were saturated, is called the relative humidity of the 
sponge. In the s e way, the air has some water vapor, but 
not so muCh as it could hold if it were saturated. The 
amount of water vapGr the air is able to hold, in compari-
son to the amount it possesses, is called the relative 
humid! ty. We can sque ze a sponge and find the relation-
ship. Is it possi ble to measure the amount of water vapor 
in the air? If so, how? (1:83-4) 
22. Demonst tion: The hygrometer. Teacher demon-
strates how the r lative humidity is measured by the use 
of the hygrometer. (1:83-4, Figure 45) How can you tell 
that the air is dry or has a low relative humidity? High 
relative humidit ? How can you incDease the relative humi-
dity in a room?· .hat should the relative humidity be for 
- health and comfor~~· Why is it that just before it rains 
you perspire a g r eat deal? 
*23. Can w a air hold more or less moisture than 
cold air? Why? 
*24. What is air? (2:225) (1:45) 
*25. When air is heated, does it expand, sink, r~se 
or contract? ~~>Wl t causes air to rise? 
-!~>26. What i s wind? Cause? (2:-113-15) {1:149-51) 
*27. Does in~ exert a force or pressure? Blow on 
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your harrl • Can yo feel anything?, 
28. Did the 1938 hurricane exert any force on trees~ 
houses, and automobiles? (5:337, Figure 256) 
29. Fill in t e blanks in the following: ·U·Air has 
_______ ; wind is air; when air is heated, it------~ 
and , because the air vmich takes its 
place forces it up ard. 
~l-30. Does the air pressure measure the same in Keene 
as on top of Mount Washington? Why not? What is the eleva-
tion of Keene? Mount Washington? 
31. Demonstrat ion: 
the same at all heights. 
The atmospheric pressure is not 
The teacher piles six books on 
top of each other. Is the pressure of the books the same 
on th second boolc as it is on the sixth? Where is the 
pressure the greatest? If the column of books represents the 
ocean of air~ what happens to the mr pressure as you 
approach the top? 
32. Home assignment: Each pupil takes detailed notes 
on one radio weat r report. The pupils are to follow this 
up and record the accuracy of the report. If a radio is 
not available pupi ls use the report from a newspaper. Notes 
and findings are t o be presented to the class. 
33. Demonstr tion: The barometer. *What instrument 
is used to measur air pressuref The teacher uses a hom 
made barometer as in Figure 5 to assist in the explanation. 
(1:14-51 Figure 10) 
Figure 5. A home made barometer 
What is the relationship between air pressure and the 
weather? {2:116-17) 
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*34. Do winds affect the barometers? How~ {1:149-52) 
(2:124-25) 
*35. It water vapor is lighter than ar and the air 
feels humid or very damp, will the barometer read lower 
or higher than on a good day? Why? (2:151-52) 
*36. What conditions of the air are necessary in orde~ 
for it to rain? Snow? Hail? (2:105-08) 
37. What are the forms of precipitation? Does conden-
sation mean the same? (2:105-08) {1:144) 
38. The teacher reads the newspaper clipping, "Two 
Pilots Killed and Eight Navy Planes Wrecked When Caught in 
Dense Fog." A pertinent substitute clipping may be used. 
Could these accidents hav been prevent d? How? 
39. From what source do we obtain weather ~ recasts 
and warnings? By what means? Ar e these important to us? 
How? (1:161-63) 
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40. How many have seen a weather map? Does each pupil 
und rstand the important information it giv s? (1:164) 
(2:126-27·) The te cher passes out weather maps. The Boston 
"Traveler" has a daily weather ap . A photographic l ante rn 
slide may be made from this and thrown on the screen. 
Weather maps may be obtained from any of the regional wea-
ther bureaus of the United States These are more compre-
hensive, and give more detailed explanations than the wea-
ther maps from the newspaper • . 
*41. How are weather maps made? (1:161-63) (2:126-28) 
(5:343) Discuss pupil questi.ons concerning weather mtp. 
*42. Would you say weather maps ar made in a scientific 
way? Why? Why is the amount of rain:t'all different in dif- I 
ferent places? (2:108-10) How is rainfall measured? (5:341) 
*43. What are important factors which must be lmown 
in forecasting weather? (1:155-56) Can you find this in-
for.mation on the map? Where must you look for the relative 
humidity reading and speed of wind? 
*44. What is an isobar? Where is the highest? Lowest? 
Where .are these l cated? What is a "low .. ? 11H1gb."? . .. What is 
the relationship between a "low", and 11high" .and the barom-
eter? 
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45. What is an isother.m? Where is the lowest? Highest. 
What do the arrows on the map tell us? What key is used to 
tell the general condition of the weather? (5:328-34) 
(2:124-25) 
·U·46. What is the climate of the North Pole? Florida? 
Keene? New England? 
o)f-47. What is the difference between weather and 
climate? (2:90-1) Do you have to wear your raincoat be-
cause of the weather or the climate? 
*48• What are the weather conditions common to Keene 
storms, as to temperature, wind speed, and direction, air 
pressure, moisture, kinds of clouds, and amount of rainfall~ 
(5:334) 
49. Demonstration: Do all clouds indicate the same 
type of weather? The teacher shows pictures of Cumulus, 
Cirrus, Stratus, and Nimbus clouds. Discuss these with -
the pupils. What is a ator.m cloud? Is there any difference 
between a fog and a cloud? What difference? Pictures of 
clouds may be obtained from the United States Weather 
Bureau. (1:145-47) (2:105-7) (5:32a-24) 
*50. Assignment: Each pupil is to keep a weather 
. chart using the form in Table 2. 
Table 2• Daily Weather Chart 
Date Temperature Feeli~ of 4\ir Sky Direction of Wind 
---~- -. ·- -
I 
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51. The teaCher reproduces the following Chart Projects. 
1 1 2 1 and 3 on the blackboard or on a glass slide and re-
views the ma.j or concepts of the unit with the s1 d of the 
accompanying questions:ll 
--------------------~~--------~ 
Chart Project 1. Relative humidi ty 
(1) What process occurs a t a and b? ____________ _ 
(2) Into what does the water at a and b change? 
---~. 
(3) What process occurs at c? 
--------
(4) At d ? ________ _ _ 
(5) What is for.med at f? 
-------------------
(6) WhiCh letter indicates the post tion where the re-
lative humidity is (a) highest? ____ (b) lowest? ___ _ 
(c) 100 per cent? ____ _ 
(7) What letter indicates where the air is saturated? 
(8) How would the water vapor at c appear to a man 
1/ Wilbur L. Beauchamp, and Harold H. Miller, A Study-Book 
In General Science, Scott, Foresman and Company, New York 
l9351 pages 53, 55, and 59. 
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{a) at h2. __ _ {b) at e?. __ _ {o) at f? ______ _ 
Chart Project 2. Air pressure 
With reference to Chart Project 2, which letter in-
dicates the place where air pressure ia {a) greatest? ____ __ 
Why? _________________ (b) least? _______ Why? ____________ ~ 
(c) normal? Why? ______________ _.:: 
Chart Project 3. Mate rials are not heated equal ly 
(a) Why does the snowmelt at a? ____________________ __ 
{b) Why is it unmelted at b? 
------------------- ----- ----
(c) What color clothes should we wear in the 
----------------
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Tentative Vocabulary 
atmosphere disturbances Fahrenheit 
temperature hygrometer topography 
evaporation anemometer climate 
moisture mercury stratus 
saturation point humidity cumulus 
adaptations water vapor cirrus 
adjustments Centigrade condensation 
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Optional Related Activities 
*When you have completed the required work, go to the 
card file and Choose one or more of the optional related 
activities in which you are interested. 
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Before commencing any of these activities the pupils 
are to obtain the teaCher's approval of the chosen activity. 
Each activity is typed on a c rd for the pupils. 
1. Write the story that a glass slide or picture 
tells you. This slide or picture will be given to you in 
class. By pupil arrangement with the English teaCher 
credit may be given for this. 
2. Keep a scrapbook of the daily newspaper reports 
from one paper and after each write whether they are true 
or false. 
3. Keep a record of the forecast made by Dr. Miles 1 
Weather Calendar for a period of three weeks. After each 
day's forecast write whether it is true or false. 
4. Take detailed notes on one radio weather report. 
Follow this up and see how accurate it is. Keep a record 
in a notebook and report it to the class. 
5. Report to the class the differences between 
hurricane, tornado, cyclone, blizzard, and typhoon. (2:122) 
6. From articles, obtained from the teacher, report to 
the class the cause and path of the Keene hurricane of 1938. 
7. Write the life sketch of one of the scientists: 
Fahrenheit, Gabriel; Franklin, Banjamin; Galilei, Galileo; 
Guericke, Otto von; Torricelli, Evangelista. (2:707-09) 
By pupil arrangement w1 th the English teacher credit may 
be given for this. 
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8. Make one: Rain gauge, thermometer, barometer, 
hygrometer, weather vane. By arrangement with the manual 
training teacher credit may be obtained by the pupil. 
(5:341) (2:92-97) 
9. Make a written and oral special report on one o£ 
the unit topics. 
10. Make a glass slide which has important bearing on 
weather and climate and show this on presentation day. 
11. Take a photographic picture o£ things which have 
connection with the unit and bring these to the class. 
12. Make a study o£ a series of weather charts and 
forecast the weather. 
13. Using the title "Weather Wise," write a paper. 
By pupil arrangement with the English teacher credit may 
be given for this. 
14. Make a special report to the class on the re-
cording thermometer. (2:95) 
15. Make signal flags and £ly them for the class to 
designate the kind of weather you foretell. (3:212-14) 
16. Act as a voluntee~ observer in connection with th 
weather bureau. (1:137) 
17. Make an oral report to the class, ua~ng the t~tle: 
"How a Weather Map Helps a Farmer." 
18. Man's relation to climate. Several pupils may 
work on this project. One may report on people who live 
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in cold climates# and show how the food, the homes, and 
the occupations are influenced by the climate. Other sub-
jects might be: The inhabitants of hot lands; Dwellers 
in the desert; Temperate climate and industry. 
19. Perform an experiment to show to the class that 
water expands on freezing. 
20. Make a mean annual map of the rainfall. (2:110) 
21. If a little sugar is added to water, it disappears 
If you hold the mixture to the light, you cannot see the 
particles of sugar. Why not? If the mixture is run through 
a piece of porous paper, like towel paper# no sugar is 
found on the paper. Explain. 
22. If a lump of sugar is added to a cup of coffee, 
the coffee soon becomes sweet in all parts of the cup. 
Explain. 
23. What is likely to be one differenc between rain 
water and well water? 
24. How does a dissolved solid Change the boiling 
point of water? Find out how hot water gets while it is 
boiling by holding a Chemical thermometer in boiling water. 
Then add two or three tablespoonfuls of salt or sugar. How 
does the temperature Change? 
25. In some tropical countries water pipes to supply 
hot water are exposed to the sun. Should these pipes be 
bright or painted black? Explain. 
little air were allowed to enter the space 
above the mercury in the closed tube of a barometer, how 
would it affect the reading? 
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27. Sound travels about 1100 feet per second. If a 
thunderclap is heard five seconds after the flash of light-
ning is seen, how far away was the lightning? 
28. Why does the temperature in the Sahara Desert vary 
so greatly by day and night? 
Class Presentation Period 
1. The class discussiGns and comments concerning the 
conclusion of previous experiments and demonstrations ar 
presented along with the optional related activities. The 
time needed for this class presentation depends largely on 
the extent to which pupils have done optional related 
activities • 
2. If any class time remains, it may be used for 
review of unit concepts that are initiated by the pupils. 
Mastery Test 
From the list at the bottom of the page choose a word 
that will make each of the following sentences correct. 
Write the number of the correct word on the line at the 
rj_ght. 
The condition of the atmosphere from day to 
day is called (1). 
The average of the weather conditions over a 
period of years is called lgl. 
1 ••••• 
2 ••••• 
The device used to measure heat and cold is 
called a (3). 
The (4) thermometer has 100 degrees for 
boiling and 0 degrees for freezing. 
The (5) thermometer has 212 degrees for 
boiling and 32 degrees for freezing. 
Water in the ground changes into water vapor 
by the process called (6). 
Wind is caused by movements of (7) along the 
surface of the 1§1. 
The ill of the wind is measured by an 
anemometer. 
The amount of(lO), (11) in the (12] is 
called humidity. 
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3 ••••• 
4 ••••• 
5 ••••• 
6 ••••• 
7 ••••• 
s ••••• 
9 ••••• 
10 ••••• 
11 ••••• 
12 ••••• 
The di.rection of the wind is marked by a (13) 13 ••••• 
and (14). 14 ••••• 
When clouds condense (15) is far.med. 15 ••••• 
In forecasting the weather, the four condi-
16 ••••• 
tiona :which must be observed are (16), (17), (18), 17 ... •• 
18 ••••• 
and (19). 19 ••••• 
When water vapor condenses above 32 degrees 
it (20). 20 ••••• 
1. rains s. Centigrade 15. speed 
2. h'l.UlUdity 9. Fahrenheit 16. weather 
3. temperature 10. climat 17. air pressure 
4. air 11. weather 18. rain 
5. earth 12. water 19. wind 
6. air 13. evaporation 20. van 
7. evaporation 14. thermometer 21. reflect 
49 
When water vapor condenses below 32 degrees 
Fahrenheit it (21). 21 ••••• 
When water evaporates it passes in the air as 22 ••••• 
(22) (23). 
Water vapor is a (24) and is (25) than air. 
Climate also refers to the (26) of rainfall• 
wind, and temperature conditions. 
When water vapor condenses in drops large 
enough to fall to the earth, (27) takes place. 
The weather bureau can predict in a (28) way 
the coming weather. 
Wind is caused by (29) in air pressure at 
different points on the earth's surface. 
A (30) is a cloud near the surface of the 
earth. 
Water vapor is a gas and is (31) by the 
human eye. 
The materials on the surface of the earth not 
heating equally by the aun 1s energy cause (32). 
Dark materials absorb (33) of the sun 1s 
energy than light materials \mich (34) it. 
Atmospheric pressure is measured from (35) 
as a a tandard. 
Air has (~ wind is (ill air; when air is 
23 ••••• 
2.4 ••••• 
25 ••••• 
26 ••••• 
27 ...... 
28 ••••• 
29 ••••• 
30 ••••• 
31 ••••• 
32 ••••• 
33 ••••• 
34 ••••• 
35 ••••• 
36 ••••• 
37 ••••• 
heated, it (38) and (39), because the cooler air 38 ••••• 
39 ••••• 
which takes its place forces the heated air upward. 
{40) and (41) are aids to evaporation. 
If you want your clothes to dry quickly put 
them in a (42) and (43) place. 
If one decides to grow crops he must consider 
the (44) • 
1. weight 9. water vapor 17. rises 
2. moving 10. average 18. scientific 
3. reflect 11. lighter 19. wind 
4. sea level 12. rain 20. windy 
5. more 13. gas 21. heated 
6. invisible 14 unequal 22. heat 
7. fog 15. wind 23. climate 
a. snow 16. expands 24. vapor 
25. level 
(45) air can absorb more moisture than (46) 
air. 
Weather forecast protects (47), (48), and 
You wear a raincoat on a rainy day because or 
the (50). 
T.he atmosphere extends about (51) miles. 
The direction 'E the wind is found by the 
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40 ••••• 
41 ••••• 
42 ••••• 
43 ••••• 
44 ••••• 
45 •••• 
46 ••••• 
47 ••••• 
48 ••••• 
49 ••••• 
so ••••• 
51 ••••• 
weather {52) • 52, ••• • • 
The arrow of the weather vane points in the 
direction in ltlich th wind is (53). 
Three most important factors necessary in 
forecasting the weather are (54), (55), and (56). 
The general movement of air in ·the United 
States is from {57) to (58). 
53 ••••• 
54 ••••• 
ss ••••• 
56 ••••• 
57 ••••• 
sa ••••• 
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Because of the sinking air within,a (59) 
usually has clear, cool weather with winds blowing 59••••• 
from it. 
A 11 (60) 11 , because of the rising air within it, 60•••• 
usually has cloudy weather with inward moving winds. 
Weather signs and sayings are ( 61) true but 
not reliabl • 
An isotherm is represented by a line which 
is drawn through places which have the same (62). 
An isobar is represented by a line which is 
drawn through places of equal (63) (64). 
1. damp a. life 15. east 
61 •••• 
62 ••••• 
63 ••••• 
64 ••••• 
2. ships 9. property 16. air ~ressure 
3. sky 10. humidity 17. "low 
4. 200 
5. vane 
6. coming 
7. temperature 
11. weather 
12. west 
13. 11high" 
14. sometime 
----------------~ 
&ston Uni-ver s i_ty 
Scho.ol of Educat i on 
L ibr~ry 
18. barometric 
19. pressure 
20. pressure 
21. wind 
1?... 
"-S 
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Crossword Puzzle Teat 
To do the crossword puzzle place the answers which 
complete the statements in the puzzle and transfer the 
number of the state~nt in the parenthesis before the 
correct word which may be found below the crossword puzzle. 
I ~ I 
I ?, l 
ti I lb . ~~ 
' 
~IP .e- c:- t- 1--1-[7 . 
• ..._ ,._ ,, l.f 9 J JO I- ~ 
--
1--
-u I to- 1-1'3 111- 1 !--- 1-- ~ 7? ~ IS ~~ 
1-- 1-- ,-~ · ~ ~ :-"' ~ 
-- 1- f-- I--
-
,__ .. >--
-
1-- 1-- I-- 1-- i2:j' 1--
f'"' 
~- ~, 'l.o l -
1-- t-- t-- .. .. f.- i-. '-
·-~ 
'- t-- IYI ~ ...._~ ~3 f l j 
-
1-r. l~ 
-
f.- II :- 1--.. I 
~ rn; . ~ 1-
'-7 
1-- ~..._ .. 
~~ 1-o-.o• 
Ill' I I l 
.. 
• 
' ( ) alcohol ~ ~ gas ( ) Centigrade {5) speed air ( ) snow ( ) vapor ( ) low ( ) anemometer { ) precipitation { ) rains ( ) sci.ent:l.:fic ( ) mercury ( ) Fahrenheit ( ) vane ( ) temperature ( ) saturation ( ) humidity ( ) weather ( ) property ( ) clouds { ) earth ( ) evapor a tion ( ) east ( ) west ( ) climate ( ) thermometer ( ) life ( ) water ( ) high ( ) lighter 
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Mastery Test 
To do the crossword puzzle place the answers Which 
complete the statements in the puzzle and transfer the 
number of the statement in the parenthesis before the 
correct word which may be found below the crossword puzzl • 
ACROSS 
1. Rain and snow are for.ms of • 
------
3. Water which Changes to gas makes a • 
- ----
4. The liquid commonly used in home thermometers is 
--------· 
5. The anemometer measures of wind. 
a. The general term used to describe wind, temperat'UI'6, 
h~dity, and air is 
--- ---· 
9. Weather conditions shape the surface of the 
11. The heat and cold of air is called • 
--- --
12. The material used in thermometers and barometers 
is 
---- --· 
15. Water on evaporating turns into a • 
------
18. Weather forecasts protect 
-------· 
19. General wind direction in the United States is 
to East. 
23. When the air cannot absorb any more water vapor 
it is at its point. 
-----
24. Wind is caused by the movement of the 
-----· 
25. A "---", because of the rising air within it, 
usually has cloudy weather with inward moving winds. 
27. When wat r vapor condenses above 32 degrees 
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Fahrenheit 1 t -----· 
28. The 
---- is the thermometer that is marked 32 
degrees to 212 degrees. 
DOWN 
-
1. Weather forecasts protect • 
-----
2. The instrument used to measure the speed of the 
wind is the 
-----· 
3. A weather is used to tell wind direction 
-----
6. Air when heated expands and becomes 
-----· 
7. Thermometer used in laboratory is the 
29. Centigrade and Fahrenheit are names of a device 
called a ---~---• 
10. Water vapor in air is called • 
-----
13. The process of water disappearing is called • 
----
14. The extremes or average of weather conditions is 
called • 
-------
16. Condensation of water vapor below 32 degrees 
Fahrenheit causes 
-----· 
17. Weather forecasts are forecasts. 
20. General direction of the wind in the United 
States is West to --------• 
21. When :fogs rise above the surface ·o:r the groWld 
they are called ------· 
22. H2o, used for drinking and washing is 
----· 
26. Because of the sinking air within, a "---" 
usually has clear, cool w•ather with winds blowing outward. 
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Introductory period 
Introduction by the use of superstitions and current 
events. The teaCher reads a few ot the more common weather 
signs and sayings such as the tol~owing: 
Rain before seven; clear before eleven. 
Rain after seven; rain all day. 
Mackerel sky at night 
Sailors' delight. 
Mackerel sky in morning 
Sailors take warning. 
When the wind is in the east, 
fTis good tor neither man nor beast. 
An evening grey and morning red 
Will send a man wet to bed.!/ 
The teacher asks, "Are these sayings true?" Does it 
make any difference whether these are true or not? Why? 
How can we test these scientifically? 
The teacher selects tour volunteer pupils to keep a 
daily record of the bove signs and sayings. These will 
be reported to the class on presentation day. 
Are there any other ways to forecast the weather 
besides by signa and sayings? How do we obtain these 
1/ See appendix for list. 
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weather reports? 
The teacher reads a daily weather report, not a map. 
Following the reading of this, the teacher asks, "How 
many 'Wlderstand all the tenus used in this report"? When 
this is read again, will each pupil raise his hand When 
the reader comes to a word whiCh is not clearly understood. 
A pupil of the class will write on the board the words that 
you want to find out more about, s:> that after you under-
stand these, you can truthfully say, "I am weather wise". 
It may be expected that words similar to the following wil 
be listed on the blackboard; temperature, precipitation, 
wind velocity, barometer, low, high, air pressure, and 
humidity. 
What instruments or devices are used to obtain these 
readings? 
Optional assignment: VolunteeF pupils may have the 
opportunity to make an oral report with the demonstration 
of the operation of one of these instruments. The report 
must be approved by the teaCher before being presented to 
the class. 
Introductory period 
Introduction by the use of current events . The tea-
cher reads a newspaper clipping, "Two Pilots Killed and 
Navy Planes Wrecked When Caught in Dense Fog", or uses 
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recent clipping which is similar in nature. 11 Could these 
accidents have been prevented}1 asks the teacher?"How? How 
do we obtain weather forecasts and warnings? Are these 
forecasts important to us? How?" 
How many have seen a weather map? Do you understand 
the important information it gives? The teaCher Uistributes 
weather maps to the class. The Boston "Traveler" has a 
daily weather map which may be used at this time. A 
photographic lantern slide may be made of this and thrown 
on the screen as a substitute for individual maps. Weather 
maps can be obtained from any of the regional weather 
bureaus of the United States. Weather maps from the region-
al weather bureau are more comprehensive and give more de-
tailed explanations than the newspaper map. 
What are important factors which must be known in 
forecasting the weather? Can you find this information on 
the map? Where must you look for the relative humidity, 
reading, and speed of wind? 
On a separate piece of paper which you will clip to 
the weather map and pass in, write questions concerning 
weather which you want answered. Questions similar to the 
following may be expected from the pupils; 
1. What makes the wind blow? 
2. Where does dew come from? 
3. What is the difference between cloud and fog? 
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4. Where does the water diaappear? 
5. What must you know in forecasting the weather? 
6. What is humidity? 
7. What is the difference between a typhoon, hurricane, 
and tornado? 
a. How does a barometer operate? 
9. How is a weather map made? 
10. Where are the weather bureaus located? 
ll. What are the explanations of clouds, fog, hail, 
dew, and frost? 
12. How do they forecast the weather? 
13. How does one become a weather reporter? 
14. How far ahead can weather be forecast accurately? 
15. How true are weather signs and sayings? 
16. Can we measure humidity? How? 
17. What are the instruments necessary to be an 
average weather reporter? 
18. Would it be possible for humans to live in all 
climates? 
Two of the more able pupils may tabulate these questions 
under the supervision of the teaCh r. The teacher may give 
recognition to the most common questions by using them as 
introductions to some of the lessons. 
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Introductory period 
Introduction by the use of questions and discussions. 
"Whether 'tis cold or whether 'tis hot, 
We have to have weather~ whether or not". 
Is this adage true? If so, why? What difference does 
its truth or falsity make to yQu? Does the saying affect 
you? If so~ how? What are the differences in weather con-
ditions that are common to New England? Why couldn't the 
Central Junior-High School play touch football with the 
Symond's Junior-High School last Thursday? 
The teaCher makes a circle approximately one foot in 
diemeter around the word 11man 11 , as in Figure 1. 
Figure 1 
The teaCher then writes the word "weather" on the 
rim of this circle. With the same center a second circle 
is made which measures about three feet in diameter. Using 
this center point~ the teaCher cuts the large circle into 
several segments. The teacher asks the pupils the following 
questions: In what way does weather concern man? As 
various contributions are made they are placed in the 
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segmented circle. The teaCher allows time for the pupils 
to give examples with their answers • 
List of possible answers: rood, clothes, fire, sleep, 
health, cost of living, storms, damage, transportation, 
animals, homes, crops, business, recreation, heating of 
homes, ambitions, social customB, appearances, plants, 
language, home materials, and home architecture. 
After everY-one has contributed, the teacher may take 
time to have the pupils write a sentence concerning the 
relationship of ach topic to the weather. 
The teacher asks, "What are the questions you want 
answered about weather and climate~ Write questions on a 
piece of paper and pass in at the end of the period. Spell 
the unfamiliar words as well as you know how. The import-
ant thing is to ask intelligent questions concerning the 
weather." 
Questions similar to the following may be expected: 
1. What makes the wind blow? 
2. Where does dew come from? 
3. What is the difference between cloud and fog? 
4. What must you know in forecasting the weather? 
5. What is humidity? 
6. How does a barometer operate? 
7. How is a weather map made? 
a. Where are the weather bureaus located? 
6l. 
9. How true are weather signs and sayings? 
10. How far ahead can weather be forecast accurately? 
Two of the more able pupils may tabulate these 
questions under the supervision of the teacher. 
Recognition may be given to the ·most common ques tions 
by the teaCher by using them as introductions to aome of 
the lessons. 
CHAPTER III 
USES OF AIR 
The Unit 
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Man is living at the bottom of an invisible ocean of 
air which is composed of a real substance. As the air 
completely surrounds the earth and fills every crack and 
crevice, there is pressure exerted upon all parts of the 
earth's surface. Man has learned to use the pressure of 
the air and the property of the compressibility of the air 
to do work for him. The air is composed of sev ral gases, 
which have specific uses for life on earth. The atmosphere 
gives man the wind, temperature, and hurnddity which are so 
essential for the existence of life. The atmosphere is 
necessary for the gradual cooling and heating of the sur-
face of the earth by the sun. Life without the atmosphere 
would be impossible because the earth would burn by tne 
heat of the sun in the daytime and freeze because of the 
rapid radiation of heat during the nighttime. 
(Approx~ate time allotment -- twelve periods) 
Delimitation of Unit II 
1. Air can be weighed. A football which is filled 
with air is weighed on a spring balance. The football is 
- 62 -
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de~lated and weighed again on the same balance. The dif-
~erence in the weights o~ the ~ootball is the weight of 
the air which was in the football. 
2. Air on being heated expands and becomes lighter; 
cooler, heavier air forces the lighter air up and thus 
causes a circulation of air or wind. 
3. Atmospheric pressure can be measured with a 
barometer. 
(a) At sea level the weight of the air will support a 
column of mercury thirty inChes in height. 
(b) The air pressure becomes less as you ascend. For 
this reason the barometer is used to measure altitude. 
(c) A r.1sing barometer usually indicates fair weather. 
A falling barometer usually indicates stor-my weather. 
4. The exact tamperature o~ the air can be determined 
by a thermometer. 
(a) Heat causes the liquid in the thermometer to expan 
and cold causes the liquid to contract. 
(b) Two thermometer scales are in common use. In this 
country for ordinary use, the Fahrenheit scale is used. It 
has two fixed points: The boiling point of water whiCh is 
212 degrees and the ~reezing point of water which is 32 
degrees. 
(c) On the Centigrade scale, whiCh is mostly used in 
laboratory and research work, 100 degrees 1 the boiling 
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temperature of the water and 0 degrees is the freezing point. 
5. Compressed air exerts an outward pressure on all 
parts of its container. 
(a) Common devices, such as automobile tires and 
bicycle tires use compressed air because of its elasticity. 
(b) Compressed air is used to operate the air brakes 
of cars and trains, to kee.p water out of caissons, to float 
submarines,and to drive pne~tic hammers and drills. 
(c) The bicycle pump operates on the principle that 
the piston, which is made of metal w1 th a leather wafh er, 
is pushed down, the leather being pressed tightly against 
the sides of the cylinder so that the air will be compress-
ed and forced into the tire, while on the upward stroke the 
piston is somewhat loose so that the cylinder will refill 
with air which is to be compressed on the downward stroke. 
In all compression pumps two valves are necessary. Only 
one is open at a time. One valve holds the supply secure 
while the other opens for a new supply. 
6. Air exerts pressure on surfaces because of its 
weight. A few of the devices which make use of air pressur 
are the medicine dropper, the self filling fountain pen, 
the lift pump, and the siphon. 
(a) The underlying principle of these devices is to 
lessen the air pressure in the cylindeT which is connect d 
to the water; thereby cauang the air pressure on the water, 
which is greater than the weakened air pressure in the 
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cylinder, to force the water up the cylinder. 
(b) In the lift pump valves are used to control the 
water. The lift pump is sometimes called the suction pump 
because its proper working depends upon a closely fitting 
piston in a tube in which water is lifted by means of 
suction. By suction is meant the action of air pressure · 
in forcing the water up into a spac from which the air has 
been previously drawn out. 
(c) A siphon is a bent tube that is used for conveying 
a liquid upwards and then downwards to a lower level. The 
bent tube must be completely filled with liquid; also the 
open end of the short arm must be under the surface of the 
liquid in the upper vessel. Since the weight of the liquid 
in the abort arm is less than the weight of the liquid in 
long ar.m it causes the liquid to press downward and flow 
out at the end. Air pressure on the surface of the liquid 
in the upper vessel causes more liquid to enter the tube 
as long· as its opening is below the surface of the liquid. 
7. The air is a mixture of invisible gas of "Which the 
most important are nitrogen, oxygen, carbon dioxid~and 
water vapor. 
(a) Nitrogen makes up about four-fifths or the air 
and is necessary for the growth of plants • 
(b) Oxygen makes _up about one-fifth of the air and is 
necess-ary for plant and animal life. O.Jcygen does not burn, 
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it supports combustion. A material which has reached its 
burning ter.mperature will burn so long as oxygen is 
supplied and the material lasts. 
(c) Carbon dioxide composes about three-hundredths of 
one perc nt of the air and is necessary for plant life. 
(d) Water vapor is aJ.ways present in the air, but 
this varies in amount. Approx~ately fifty percent of water 
vapor is necessary for health conditions and comfort. 
(e) Small quantities of other gases are in the air 
and these are helium, argon, neon, krypton, and xenon. 
(f) The presence of carbon dioxide in the air we 
breathe is not nearly so dangerous as the presence of a 
small quantity of carbon monoxide {CO). Carbon monoxide i 
the gas which has killed so many people who carelessly run 
an automobile motor in a closed garage. Carbon monoxide 
readily combines w1 th oxygen to form carbon dioxide (Co2 ). 
When one breathes a little carbon monoxide, this gas takes 
the oxygen from the blood and first paralyses, then suf-
focates, the cells of the body. Death results very quickly. 
s. The air is used for transportation by means of 
balloons, dirigibles, and airplanes. 
Introductory period 
Introduction by means of the talking picture, 
"Atmosphere" • The teacher administers the following 
pretest which includes the concepts of the movie Which are 
pertinent to the unit, air. 
Pretest 
1. Forces of weather such as ____ , 
disintegrate rock. and 
--------
2. Rock formations are often caused by ---------
action of the weather. 
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3. The earth's atmosphere in motion is called • 
------
4. The force which acts as a broom sweeping sand and 
making sand dunes is the • 
5. Buildings, trees, shrubs, and forests are buried 
by __ _ storms which occur in the summer. 
6. Foundations, roots, and shrubs are uncovered by 
and storms. 
7. Dust storms of the north central area of North 
America move , destroying in their path. 
This is a wind which is harmful to and 
-------· 
Particles of 
---------- are always in the 
which surround the earth. 
------
8. The atmosphere is necessary for plant, animal, and 
human life, because it makes • 
9. If the earth did not possess the every-
thing would by the tremendous heat of the sun. 
10. At night everything would be frozen, because the 
earth, lacking a , would rapidly cool. 
11. The atmosphere gives ua a of humidity 
and t emperature which is necessary to life. 
12. The moon has no atmosphere and so the 
bakes it by day and at night the moon is 
cause of the rapid heat radiation. 
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----
be-
13. The upper 
----
currents carry materials around 
the earth which are given off by • 
----- -
14. Water----- from the surface of the earth 
and changes into water • 
----
15. As the gas cools, it collects around 
------
particles which are in the si. r and is carried about by the 
--------· 
16. This condition of the water vapor and dust part-
icles make up the 
--~--
in the ary. 
17. Clouds come in contact with air and the 
----
water vapor becomes more compact, thus condensing into 
of water which are too heavy to remain in the air, 
and therefore fall as --- --• 
18. Carbon-------- and _______ decompose mater-
ials, and in the course of years beds of earth, composed of 
different kinds of soil, are made. 
19. The helps to create soil. 
----
20. A fog whiCh has risen in the air is called --~--~· 
Following the taking of the pretest the teacher shows 
the class the one reel talking fiLm, Atmosphere.!! After 
the movie has been shown the Pretest with the aid of the 
Y Erpi Classroom Film, Indiana. Obtainable from the 
Teaching Aids Department of Boston University, Boston, Mass~ 
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Directing questions which follow are discussed: 
Directing questions 
1. What are important things that the atmosphere does 
for the earth? 
2. How is the moon and atmosphere different and alike? 
3. What are nature's ways of changing the formation 
of the earth's crust? 
4. What is wind? What causes wind? 
5. What is the atmosphe!re? 
6. What is a sandstorm? 
7. Are sandstorms destructive? How? 
a. Are sandstorms dry? VJhat affect does this have on 
vegetation and health? 
9. How much pressure does the atmosphere exert? 
10. What is the water cycle? 
11. How does the atmosphere help to create soil? 
At the conclusion of the discussion the movie is 
shown again. After the second showing of the moving 
picture the pretest is administered as a mastery test. 
If time allows the class may use the following re-
ferences for supplementary and review study of the concepts. 
References: (1:11-13) (2:5-7) (3:150-55) (5:100-08} 
Class discussion and individual procedure. 
1. The teacher makes a circle on the blackboard which 
represents the earth. Using the circle the teaCher asks 
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the following questions: How much of the earth is covered 
with water? How much of the earth is covered with land? 
How much of the earth is covered with air? *Does air cover 
the earth in the same way as water and land? If not, how? 
(2:6, Figure 3) (3:153, Figure 43) 
2. The teacher adds the ocean of air to the diagram. 
*Does air, which is one of the first substances in the 
world, weigh anything? Can you prove it? How? (1:9) 
Experiment: Air has weight. T.he teach r uses a foot-
ball which is filled with ir and weighs the football on a 
balance as in Figure 6. _ 
,,,,, .. '....., /'•········ · 
"''''""\, dtu,, ,, , .. 
Figure 6. Weighing air 
The football is then deflated and weighed again. Does air 
weigh anything? Can you prove it from this experiment. 
~~an air be destroyed? If so, how? Does air occupy space? 
If so, how can you prove it? 
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*3. Is an "empty" glass really empty? If not, why not? 
Why can't you fill a glass of water when you hold the mouth 
of the glass perpendicular to the surface of the water? 
The teacher may demonstrate this to the class. What must 
be allowed to escape from the glass before the glass will 
fill with water? 
*4• Does air exert or make a pressure? Can you prove 
this? How? Is air compressible? If so, how? What previous 
demonstration proved that air is compressible? 
Demonstration: Air makes a pres at re and is compress-
ible. (1:13) (1:19). The teacher blows up a balloon. 
Questions directed to the pupils. Is air being compressed? 
Why do the sides of the ball on stay out? Does air exert 
pressure? 
*5• Is air compressed easily? What are other common 
uses of compressed air? The pupils make a list of uses of 
compressed air on their papers. The teacher then makes a 
board list from the contributions which are given by the 
pupils, from their papers. (1:18~31) (5:112, Figure 90). 
The teacher il~ustrates uses of air by showing a bicycle 
pump, tires, eyedropper, fountain pen, and siphon. 
6. Demonstration: Operation of the soda straw. The 
teacher uses the diagram on the board as in Figure 7 . How 
many have used a soda straw? it-Why does the soda come up the 
straw? The teacher drinks soda with the aid of a straw. 
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~Hs soda pulled up the straw, or forced up? Using the dia-
gram the teacher shows that when air is drawn out of the · 
straw the air pressure in the straw is weakened and so the 
normal air pressure which is on the soda surrounding the 
straw is greater forcing the soda up the straw. 
Figure 7. Operation of a soda straw 
7. How many own a fountain pen? Eow does the ink g t 
in the tube of the fountain pen9 
Figure 8. Operation of a fountain pen 
I 
j 
*Pupil demonstration: Filling a fountain pen. A 
volunteer pupil, aelected by the teacher, uses a diagram 
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on the blackboard as in Figure 8 and a fountain pen during 
the demonstration. The class is encouraged to question the 
demonstrator in reference to the filling of the fountain pen. 
Is the ink pulled or pushed up the tube? 
8. How many have used an eyedropper or medicine dropper? 
*Pupil demonstration: Operation of an eyedropper. A 
volunteer pupil selected by the teachar uses an eyedropper, 
soda, and the blackboard diagram as in Figure 9 in .the 
course of the explanation. 
Figure 9. Operation of an eyedropper 
The mat rial is prepared ahead of time by t he teacher. 
~~What is the principle of the eyedropper? 
~~. Why does water rise in a lift pump? 
Demonstration: The operation of a lift pump. T.h 
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teacher makes a diagram on the blackboard as in FigurelO. 
Figure10. Operation of a lift pump 
Which valve opens when the liandle of the pump is pulled 
upward? Why? Which valve opens when the handle is pushed 
down? Why? Why does the water rise in the cylinder? What 
controls the water f'romfalling back in the well? Why must 
the pump handle be moved up and down several times before 
water comes from the spout. *Why is it necessary som times 
to prime a pump?' (1:18) (2:186-87) (5:113) 
10. Pupil demonstration: The operation of a bicycl 
pump. A pupil is chosen by the teacher to explain the 
operation of the bicycle pump. During the demonstration 
the pupil uses a bicycle pump, which is given to him b y 
the teacher. The pupil takes the pump apart and explains 
the use of the important parts to the class. The use of 
a board diagram or glass slide to show the inside operation, 
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as in Figurell will aid with the explanation of the opera-
tion of the pump. (1:19) 
Figure 11. Operation of a bicycle pump 
11. How may we change the water in the a·quarium with-
out tilting the aquarium? 
Demonstration: Siphoning water. The teacher with the 
aid of a rubber tube transfers water from the aquarium to 
\ 
Figurel~ Siphoning water 
76 
a pail or a bowl which is placed on a level lower than the 
aquarium. S t up the apparatus as in Figure12. Why is it 
necessary to take air £rom the tube? Is there another method 
of starting the siphon besides drawing the air out of the 
tube? How? If both containers are on the same level, can 
you siphon? Why not? (1:22) (2:482-83) 
12. How much does air in the classroom weigh? How may 
we begin to solve this _problem? The teacher has the class 
guess the weight and finally compute the m swer on th 
basis that one cubic £oot ·of air weighs about one and one-
quarter ounces. The teacher shows a one cubic foot box to 
the class, m d then a ska , 11What is the difference between 
this type of air weight and the atmospheric pressur • The 
teacher uses the board diagram as in Figure 13 in explaining 
the differences in air weights. Then the following ques- 1 
tiona are asked: (with reference to Figur 13} Which letter 
indicates the place there the air pressure is 
SEA LEVEL 
Figurel3. Air pre~sure differences 
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Why~? _____________________ Least? _________ Why? ____________ ~: 
Normal? Why? • 
------ --------------------------
13. Demonstration: Differences in air pressure at 
different heights. The teacher makes an m alogy of air 
pressure with a pile of six books to represent the air 
column. T.he bottom book represents sea level. Using the 
books as the column of air, the teacher asks, 11Where is the 
air pressure the greatest? Least? Half? "*What instrument 
is used to measure air pressure? *What are the u~es of the 
barometer? (1:12) (2:115-17) (5:103-04) Does an airplane 
pilot have. any use for a barometer? If so, what? What kind 
of weather do you have When the barometer is high? Low? 
14. Demonstration: T.he principle of the barometer. 
Directions: The teacher takes a glass tube about thre 
fee~ long, open at one end and closed at the other. Fill 
the tube with mercury. Hold the thumb over the open end 
and invert the tube in a cup containing mercury. Remove 
the thumb only after the lower end of the tube is below 
the level of mercury in the cup, as in Figure14 . Questions: 
Why does the mercury not fall all the way in the tube? Why 
does it fall a few inChes? How can a device like this be 
used to measure air pressure? Mercury is about ~3.6 times 
as heavy as water. What would be the approximate length 
of a tube for a water barometer? (1:14) If this were 
carried on top of a mountain what would happen to the 
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column of mercury? Why? *Why does a coming storm cause th 
column of mercury to drop? (1:14) (2:115-16) 
Figurel4 . The principle of the bar ometer 
15. Demonstration: Air pressure holds water in an 
inverted glass with the aid of a cardboard cover. The 
teacher fills a glass two-thirds full of water. He places 
a piece of cardboard over the top and holds the cardboard 
while he inverts the glass as in Figure 15 
Figure 15. Air pressure with aid of cardboard holds 
water in an inverted glass 
II 
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The hand is removed carefully. Why doesn't the water flow 
out? 
16. Demonstration: Air pressure forces a hard boiled 
egg in and out of a milk bottle. T.he teacher prepares the 
materials and performs the experiment as in Figure 16 and 
7. 
Figure 16. Preparing materials 
Boil an egg for ten minutes. Place it in cold water for 
ten seconds. Shell the egg. Fold a square piece of toilet 
Figure 1 7. Air pressure forces the egg in the bottle 
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!! tissue four times. The tissue paper is lighted and thrown 
i nto the quart bottle. Immediately the egg is placed on 
the opening of the ~ottle. The burning paper inside the 
bottle weakens the inside air pressure and the outside 
pressure being greater, forces the egg in the bottle. 
What fore d the egg in the bottle? How did the lighted 
paper weaken the air pressure inside the bottle? How can 
we take the egg out of the bottle by the use of air? To · 
force the egg out of the bottle, first, wash the burned 
paper out of the bottle a s in 
/ 
I .. A/~\ 
f~~ ~' 
r; ~L ~ (J)'~ 
lr-_-: ' J'; 
~..;;;,: -
Figure 18. Removing egg from bottl& 
Now holding the bottle upside down the teacher blows in the 
mouth of the bottle to make the air press~ greater than 
the normal outside pressure. The egg pops out. 
17. Demonstration: Air pressure forces a water filled 
balloon partly in a milk bottle. The teacher prepares and 
performs the demonstration as in Figure 19 . Force wat r in 
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the balloon by holding it stretChed over the opening of 
the faucet. Fold a square piece of toilet tissue· four 
times. Light the tissue and quickly throw in the quart 
bottle. Place the water filled balloon on the bottom of a 
pail and the mouth of the milk bottl with the burning 
tissue inside on top of the balloon. Why did the ballo n 
go in the milk bottle? Why use water in the balloon? How 
canwe get the balloon out of t he bottle? 
~ 
"" ?-( 
0 
,..----- ...... 
' 
Figure 19. Air pressure forces a wate r f i l l ed balloon 
partly into a bottle 
*18. Pupil demonstration: The operation of an iron 
lung. A pupil selected by the class prepares and performs 
the demonstration as in Figure 20. Place a two hole stopper 
in the opening of a pint size bottle. Insert a straight 
glass tube in one of the holes of the stopper. Fasten a 
balloon on the end of the glass tube which is in the bottle. 
The balloon represents a lung. Insert a right angle glass 
tube two inches in the othe r hole of the stopper. This 
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second tube represents the bellows which draws the air out 
of the chamber. In operating the device the pupil draws the 
air out of the right angle tube. This causes air to rush 
in the straight tub which, in turn, inflates the balloon. 
When the pupil takes his mouth off the glass tube, the 
lung, represented by the balloon, becomes deflated. The 
series of inflation and deflation of the balloon represents 
the breathing of a person lying inside the iron lung. 
*What is the use of the iron lung? (5:353) 
*19. A trip to the hospital is taken by the class to 
see the operation of the iron lung. EaCh pupil is given 
a mimeographed sheet containing the following questions 
and is expected to know the answers by the end of the trip: 
(a) What is the size of the air chamber? 
(b) What is the size of the air chamber? 
(c) How is the breathing regulated? 
(d) Why is the collar which is placed on the occupant 
made of rubber. 
(e) Has the occupant of the iron lung freedom of body 
and heat? What activities can he perform? 
(f) What is the purpose, use, and pr~cticability of 
the iron lung1 
(g) Who invented the iron lung? 
(h) What is the cost? Upkeep? 
(i) If the electricity were shut off would the person 
inside die? 
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(j) What are the four most important parts? 
*20. Pupil demonstration: Drawing water in a glass 
from a saucer. t pupil appointed by the teaCher prepares 
and performs the demonstration as in Figure 21. Fold a · 
two-inch square piece of newspaper three times. Now, bend 
the folded paper and float it on the water in the saucer 
so that one end of the paper is out of the water and dry. 
Light the dry end of the folded paper. Inmediately invert 
the empty water glass over the burning paper into th water 
which is in the saucer. Why did the water rise in the glass1 
Why did the fire go out? 
Figure 21. Drawing water in a glass from a saucer 
21. Demonstration: A circulation of fresh air is 
necessary for burning. The teacher prepares and performs 
the demonstration as in Figure 22 . Fasten a glass top on 
a chalk box using adhesive tape for the hinge. Make a hole 
on the top and the bottom of the box and plug the holes 
with stoppers • Light a candle and place it ins ide the box. 
Turn the box so that the pupils may see the lighted candle 
go out. Why did the candle go out? Close the top hole and 
open the bottom hole, and light the candle. Why does the 
candle stay lighted? *What happens when air is heated? 
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Figure 22. Fresh air is necessary for burning 
*22. What is the great heating force for the earth? 
Are all materials heated alike by this force? Why not? 
The teacher uses Figure 23 and the following questions for 
discussion: Why is the temperature at the surface of the I 
soil greater than at three feet down? 
SUN'S RAYS 
IIIII! 
AIR 72° F 
Figure 23. The sun heats materials differently 
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How do you explain the difference in temperature at the 
surface of the soil and at the surface of the water? Why 
is the water three feet below the surface warmer than the 
soil three feet below the surface? Why is the water at the 
surface warmer than the water below? When does the sun give 
more heat at your home, at noon on June 21 or on December 
21? When does the earth get more heat from the sun, on June 
21 or on Decembar 21? Why? Why do you wear white clothes in 
the sunnner and dark clothes in the winter? On cooling mat 
happens to the air? What results from the cooling and 
rising of air currents? (2:98-9) (5:314-16) 
*23. What gas do you inhale? What gas do you exhale? 
What gas do green plants take in and give off? What gas is 
given off by the fish? Taken in by the fish? ( 1:66) 
(2:145-49) (5:366-67) 
~~4. In a balanced aquarium, what do the fish do for 
the green plants and what do the green plants do for the 
fish? Is it necessary to change the water in a balanced 
aquarium? If not• why not? (1:6) 
~i-25. Is there a carbon dioxide cycle in the air? 
Explain. Is ther an oxygen cycle in the air? Explain. 
*2.6. What gas is deadly and often confused with carbon 
dioxide? What is the most dangerous thing a man can do 
while he has his automobile in the garage? Why? Why does 
carbon monoxide act so quickly in suffocating the viet~? 
(1:89,319) 
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If you noticed a person who was being overcome with carbon 
monoxide gas Vlha t would you do? Is the iron lung of any 
help in this case? How? 
*27. What other gases besides carbon dioxide and oxy-
gen are in the air? (1:45) (2:225-26) What gas is very 
important to plant life? (1:223) The red signs you see on 
the street are made of what gas? 
*28• What happens to the puddl.es of water after a rain 
stor.m? What is the process called? Is moisture in the air 
necessary? Can you see the water vapor? How do we know that 
water vapor is present? How much humidity is necessary for 
health and comfort? (5:281-82) 
29. By the aid or a circle chart which is one-inch in 
diameter which represents the air, fill in the percentage 
of oxygen, nitrogen, and carbon dioxide. 
30. Demonstration: Oxygen supports combustion. The 
teacher prepares and perfor.ms the experiment as in (1:43, 
Figure 27). Heat a spoonful of pottassium chlorate which 
is mixed with manganese dioxide over a bunsen burner. In-
sert in the test tube a glowing splinter. Why does the 
splinter burst into flame~ Insert a splinter which has no 
spark. Why doesn't the splinter burn? What affect does it 
have on burning? From this fact, what is one sure way to 
put out a fire? 
31. Demonstration: Carbon dioxide does not support 
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combustion. The teacher prepare·s and performs the experi-
ment as in (1:44, Figure 29). Make carbon dioxide in a 
small bottle as directed (J:.44). Light the splinter and 
insert it into the bottle of carbon dioxide. What happens 
to the fire? ~i-Does carbon dioxide help burning? *What is 
the use of carbon dioxide. 
-ll-32. How are oxygen, nitrogen, water vapor, and 
carbon dioxide different and still the same~ 
Tentative Vocabulary 
circulation siphon mercury 
composition constituents suffocates 
gas Torricelli carbon monoxid 
compressed altitude carbon dioxide 
barometer liquid air paralyses 
cylinder atmosphere 
valves drafts 
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Optional Related Activities 
~!-When you have completed the required work, go to the 
card file and choose one or more of the optional related 
activities in which you are interested. 
Before commencing any of these activities the pupils 
ar to obtain the teacher's approval of the chosen activity 
Each activity is typed on a card for the pupils. 
1. Make a special report to the class explaining the 
operation of the aneroid barometer. (ltl6-7) (5:103-04) 
2. Make a collection of news items about fires and 
keep these in a scrap book. Find out when possible the 
cause and the amount of loss caused by the fire • 
3. Demonstrate to the class how to make a fire with-
out matches. 
4. Visit the fire department and tell the class the 
work of the department. 
5. Write a theme on the title, "The Moon is Given the 
Earth's Atmosphere". By pupil arrangement with the English 
teacher credit will be given for this. 
6. Explain to the class how an elevator works. Use en 
encyclopedia for the reference. 
======~==============================================~-89_========1 
7. Obtain an exhaustive list of the uses of the 
atmosphere. (5:112) 
a. Make a list of possible fire accidents caused by 
electric wires, matches, cigarettes, and combustion. 
9. Report to the cl ss on the use and production of 
liquid air. 
10. Report to the class on the contributions of Galileo 
(1564-1642) and Toricelli. (1:15-6) 
11. Using diagrams, explain to the class how the common 
lift pump operates. (1:18-9) (2:188) 
12. Prepare a series of three demonstrati.ons of air 
pressure which have not been done and do them in class. 
13. Report to the class how air-brakes work. (2:486-87) 
14. Using the diagram (1:30) explain how a caisson is 
constructed and its purpose. 
15. Write a paper on the uses of air in transportation. 
By pupil arrangement w1 th the English teacher credit will 
be given for this. 
16. Make and use a model of a fire extinguisher. (1:56) 
17. Can you apply artificial respiration to a person 
who has been drowned or some other way suffocated? Two pupils 
demonstrate this to the class. 
18. Make a model of an iron lung. Manual training 
credit will be given for this if arranged previously with 
the Manual training teacher. 
19. Report to the class the difference in breathing 
of the following: fish, hogs, insects, and birds. 
20. Look up and report to the class the history and 
UBe of the airplane. (2:662-65) 
21. Make a balanced aquarium. Start this in class 
and later you may take it home. (1:6) 
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22. Write a theme on how the atmosphere changes the 
surface of the earth By pupil arrangement with the English 
teacher credit may be obtained for this. 
23. Make a kite and explain to the class how the wind 
lifts it in the air. 
24. Make a picture, diagram or chart of something in 
which you are interested and reproduce this on a glass 
slide. You will show and explain this to the class on 
presentation day. 
25. Take photographs of things which pertain to the 
unit and bring these to the class. 
26. Name eight gases which are in the a1 r and give 
the most important UBe of each. 
27. Explain to the class how a vacuum cleaner works. 
(5:116) 
28. A swinging door moves inward when ano~er door in 
the room is pulled outward quickly. Explain why? 
29. Will an airplane 11 take off" more easily when the 
air pressure is high or when it is low? Explain your answer 
to the class. 
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30. How do Magdeburg hemispheres act when the Sl.r is 
pumped out of them? Explain this to the clasa. (5:106) 
31. Explain to the class the purpose and operation of 
the sink pump. 
32. Prepare a report on "·The Scientific Discoveries of 
Galileo". Present this report to the class. 
The pupils are encouraged to suggest additional pertin-
ent projects and problems which they prefer and, if these 
are approved by the teacher, may be added to this file. 
Class Presentation Period 
1. The class discussions and comments concerning the 
conclusion of previous experiments and demonstrations are 
presented along with the optional related activities. The 
time needed for this cla~presentation depends largel7 on 
the extent to which pupils have done optional related 
activities. 
2. If any class time remains, it may be used for re-
view of unit concepts that are initiated by the pupils. 
Mastery Test 
From the list at the bottom of the .page choose a word 
that will make each of the following sentences correct. 
Write the number of the correct word on the line at the 
right. 
Air can be weighed on a 1!1 with the aid of a 1 ••••• 
football. 
When al. r is heated 1 t (2) and (3). 2 ••••• 
3 ••••• 
Windows are opened at the (4) and (5) to 
circulate a new supply of air in the room. 
The wind blowing on the surface of the water 
causes (6). 
Man inhales (7) and exhales (8). 
Plants take in carbon dioxide and give out 
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4 ••••• 
5 ••••• 
6 ••••• 
7 ••••• 
a ••••• 
(9). 9 ••••• 
There is approximately (10) fifth of oxygen 10 . ••• 
and (11 ) fifths of n i t rogen in the air. 11 ••••• 
(12) dioxide compseses about three hund- 12 ••••• 
rethB of one percent of air. 
The air pressure is (13) pounds per square 
inch at sea level. 
Man uses the (14) of the air to do work 
for him. 
13 ••••• 
14 ••••• 
Three devices that use air pressure are (15) 15••••• 
16 ••••• 
(16) 1 and {17). 17 ••••• 
Four important parts of a bicycle pump are 
(18) 1 (19), (20) 1 and (21). 
The principle of the medecine dropper, lift-
18 ••••• 
19 ••••• 
20 ••••• 
21 ••••• 
pump, and siphon, is to (22) the air pressure in 22 ••••• 
23 ••••• 
the tube, causing the (23) air pressure to (24) 24 ••••• 
the water up the tub • 
The barometer was invented by (25). 
When cl~bing a mountain a barometer can be 
used to tell (26) , 
25 ••••• 
26 ••••• 
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As you ascend in the earth's atmosphere the 
air pressure (27). 27 ••••• 
1~ carbon 10. expands 19. washers 
2. fifteen 11. oxygen 20. siphon 
3. four 12. oxygen 21. pressure 
4. one 13. wind 22. eyedropper 
5. dio.xid 14. fountain pen 23. outside 
6. bottom 15 valves 24. Torricelli 
7. rises 16. piston 25. force 
8. balanc 17. lessen 26. altitude 
9. top 18. cylinder 27. lessens 
The atmosphere extends over (28) miles in 
height. 
Liquid air .is put under a great pressure and 
aubj ected to a (29) temperatur • 
In the lift pump and the bicycle pump (30) are 
used to control the air. 
A flame will not burn without (31). 
We should close drafts in case of fire by 
shutting (32) and (33). 
--
By wrapping blankets around a person's clothing 
28 ••••• 
29 •••• 
30 ••••• 
31 ••••• 
32 ••••• 
33 ••••• 
that has caught fire, you shut off the (34) supply, 34 ••••• 
causing the fire to go out. 
A comfortable and healthy room should have 
at least (35) percent of relative humidity. 
The heat or cold of the air is called (36). 
The temperature of a comfortable and healthy 
room for working is (37) degrees. . 
36 ••••• 
37 ••••• 
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Carbon monoxide is (38) to life and should 
not be confused with the gas we exhale, carbon (39).39.~. 
Three uses of compressed air are (40), (41} 1 
and (42). 
Oxygen does not (43); it (44) combustion. 
A material which has reaChed its burning 
temperature will burn as long as (45) is supplied. 45 •••• 
Three metho~s of putting out a fire are by 
cutting off the burning (46), by lowering ·the (47) 46. •• 
47 ••• 
of the material, and by shutting off the (48) 48 •••• 
supply. 
1. oxygen a. brakes 15. fifty 
2. material 9 deadly 16. low 
3. supports 10. temperature 17. oxygen 
4. drills 11. oxygen 18. windows 
5. caissons 12. valves 19. sixty-eight 
6. burn 13. two hundred 20. dioxide 
7. oxygen 14. doors 21. temperature 
-------------------
At sea level the weight of the air will 49 ••••• 
support a column of mercury (49) (50} in height. 50 ••••• 
A rising barometer usually indicates (51) 51 ••••• 
weather. 
A falling barometer usually indicates (52) 
weather. 
Heat causes the liquid in the thermometer to 
(53) and cold causes the liquid to (54). 
Automobile tires and bicycle tires use 
compress~d air because of its (55). 
52 ••••• 
53 ••••• 
54 ••••• 
55. -•••• 
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In all compression pumps, suCh as the bicycle 
pump, (56) valves are necessary. · 56 •••• 
In the lift pump (57) are used to control the 57 •••• 
water. 
The lift pump is sometimes called the (58) 
pump. 
A (59) is a bent tube that is used for con-
_..... 
veying a liquid upwards and then downwards to a 
lower level. 
The air is a ·( 60) of invisible gas of which 
the :most important are ( 61), ( 62), { 63), and_ ( 64). 
58 ..... 
59 •••• 
60 •••• 
61 ..... 
62 •••• 
63 •••• 
64 •••• The red gas signs which you see on the 
streets are made of {65) gas. J 65 ••••• 
Air is used for transportation by ·means of 
( 66) • and ( 67 ~ 66 •••• 
67 •••• 
Mercury is used in barometer instead of 
water because of the (68} of the mercury. 68 •••• 
1. dirigible a. thirty inches · 15. mixture 
2. four 9. fair 16. carbon dioxide 
3. neon 10. contract 17. water vapor 
4. nitrogen 11. stormy 18. airplane 
5. suction 12. two 19. oxygen 
6. elasticity 13. siphon 20. density 
7. expand 14. valves 
I 
.... 
·-
--
--
Crossword Puzzle Test 
To do the crossword puzzle place the answers which 
complete the statements in the puzzle and transfer the 
number of the statement in the parenthesis before the 
correct word which may be round b low the crossword 
puzzle. 
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Mastery Test 
To do the crossword puzzle place the answers whiCh 
complete the statements in the puzzle and transfer the 
number of the statement in the parenthesis before the 
correct word Which may be found below the crossword puzzle 
ACROSS 
2. When water evaporates, the gas, water 
-----
is formed. 
3 • .Air is 
-----
in automobile and bicycle tires. 
4. When air is heated, it 
-----
and rises. 
5. The fish breathe by taking ---- from the water. 
a. Nitrogen composes about _-_____ fifths percent 
of the air. 
9. The room temperature for comfort should read about 
degrees. 
10. Approximately three-hundredths of one percent of 
the air is composed of carbon ------------• 
12. The wind blowing on the surface of the water causes 
------· 
14. The hot m d cold of the material is called the 
------· 
16. Air may be weighed on a ____ with the aid of' a 
- football. 
17. While drinking soda, the of the air on the 
-----
liquid in the bottle causes the soda to rise in the straw. 
18. Carbon monoxide should not be confused with the 
gas we exhale, dioxide. 
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19. A comfortable rqom Should have at least 
----
percent of relative humidity. 
20. Liquid air is put under a great pressure and 
subjected to a temperature. 
21. It is necessary to have 
pump or bicycle pump. 
22. Carbon monoxide is a gas which is 
to life. 
val vea in a li:f 
----- - -
23. Nitrogen and ___________ compose the greatest 
percentage of the air. 
24. A barometer may be used to tell _ _ ___ • 
25. As you ascend in the earth's atmosphere the 
pressure becomes 
- ---------· 
him. 
26. Oxygen will not ----------
28. Man uses the 
---- of the air to do work for 
29. Air composed of one 
DOWN 
_____ ..,..percent of oxygen. 
1. By wrapping blankets around a person's clothing 
that has caught fire you shut off the supply, 
thus causing the fire to go out. 
2. In a lift pump and bicycle pump ------- are used 
to control the air. 
6. A material mich has reached its burning tempera-
ture will burn as long as is supplied and the 
material lasts. 
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7. A fire may be put out by cutting off the burning 
------------
8. Air pressure is ______ pounds per square inch at 
sea level. 
9. Oxygen combustion. 
11. When air is heated by coming in contact with war.m 
materials the air • 
-------------
12. Before ink will rise in your fountain pen you 
must the air pressure in the tube . 
13. The principle of the eyedropper, lift pump, and 
siphon is to weaken the air pressure in the tube, causing 
the air pressure to force the water up the tube. 
16. Windows are opened at the top and to 
circulate a new supply of air in the room. 
21. Windows are opened at the ---------
good circulation of air. 
and bottom fo~ 
27. Oxygen composes about ____ __ fifths of the air. 
Introductory period 
Introduction by the use of group study and pupil 
demonstration. The science room is divided, previously, 
into rour playing fields and these are named Group 1, 
Group 21 Group 3, and Group 4. A playing field is the are 
of floor space in which eaCh group is confined or allowed 
to work. If these are not enough tables for each playing 
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field, an arrangement of the moveable desk chairs may be 
used. 
At each playing field are demonstrations which also 
have been arranged, previously, for each group. These 
demonstrations are arranged as followst Group l; baromete , 
thermometer, and hygrometer. Group 2.; models of sail ship 
wind mill, airplane, kite, and balloon. Group 3; candle 11 
burning in a controlled box, making oxygen, making carbon 
dioxide, ocean of air Chart and composition of air Chart. 
Group 4; drawing water from water filled saucer into an 
inverted glass, holding water into an inverted water glass 
by the aid of a cardboard, forcing a water filled balloon 
partly in a milk bottle, using a soda straw, using a siphon, 
using an eyedropper, and taking flat surface materials out 
of the water with the aid of a glass tube 
To guide eaCh pupil at eaCh playing field is a typed 
sheet which has questions and references which are written 
particularly for the demonstrations that are arranged for 
each group. 
The teaCher divides the class into four groups by 
having eaCh pupil count off as follows: one, two, three, 
four; one, tw~ three, four; and so on. The pupils who are 
number one form Group 1, and work at their respective 
playing field. The pupils who are number two for.m Group 2 
and work at their respective playing field. Group 3 and 4 
are formed in the same manner and do likewise. 
The teaCher may allow the groups half a period at 
each playing field, thus, necessitating two periods for 
this introduction. 
The pupils are axpected to perform moat of the demon-
strations while they are familiarizing themselves vdth the 
concepts of the unit. The pupils are not required to write 
complete answers at this time. 
The typed sheets which guide the groups follow: 
Group 1 
Fahrenheit (1:85-88) (2:94-98) 
Centigrade 
Thermometer 
1. What is the use of the thermometer? 
2. How is it made? 
3. What should be the temperature of a room which 
is used for study? 
Toricelli (1:14-17) (2:115-18) 
Barometer 
Guerriche 
4. Does the barometer help forecast the weather? How? 
5. Canyyou use the barometer in telling how high you 
are in the air? How? 
Hygrometer (1:83-85) (2:103-~0) 
6. What is water vapor? 
7. What is the relationship of water vapor and 
humidity? 
a. How does water vapor get in the air? 
9. Is it lighter or heavier than air? 
10. How much relative humidity is neoess.ary for 
comfort? 
Group 2 
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Wright Brothers {1:23-31) (2:12-13, 649, 656-61, 663) 
air? 
Langley 
Zepplin 
Sailing ships 
Transportation 
1. Why does a heavier than air machine stay in the 
2. How does the wind cause ships to sail? 
3. What causes wind~ 
4. 'V\'hat causes balloons, airplanes, and dirigibles to 
travel in air? 
Group 3 
Priestly (1:43-46, 11-13, 6) (2:225-26) 
Ramsey 
Lavoisier 
Black 
Gases in the air 
1. How high is the column of air? {2:5-6) 
2. How high has man been in the al. r'l 
3. What gas supports burning or combustion'l 
4. What gas do we e.xhal e? Inhale? 
5. What are other uses of oxygen? 
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6. Name ~ive o~ the most important gases in the air. 
7. Why doesn't the balanced aquarium need the water 
changed? 
Group 4 
Torrice11i (1:13-22) (2:61,113-19) 
Guerriche 
Westinghouse 
Otis 
Uses of air pressure 
1. What makes soda rise in a straw when you are 
drinking? 
2. Why does ink go _up your fountain pen when you fill 
it? 
3. Does the eyedropper work on the same principle 
as the pen? 
4. Is the liquid pulled up the tube or does something 
push it up'a 
5. Have we an iron lung in Keene? Where is it? vVhat 
is its use? 
6. H w does it work? 
7. Why does the balloon go in the bottle? 
Introductory period 
Introduction by the use o~ demonstrations. 
"There was an owl who lived in an oak. 
The more he listened the less he spoke. 
The less he spoke the more he heard. 
Why can't you be like that wise bird?" 
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The teacher says to the class, 11 You are all going to 
play the part of the wise Olvl. Your advantage over the owl 
is that with pencil and paper you are to write question 
notes concerning things that you'll want to understand more 
clearly. These will be explained to you later." 
The teacher brings out the concepts of the unit, by 
using the followiilg demonstrations: crushing gallon can, 
drawing water from saucer into inverted glass, cardboard 
holding water in inverted glass, forcing egg in milk bottle, 
using soda straw, using eyedropper, taking flat materials 
out of water with a glass tube, using a siphon, mercury 
barometer, alcohol thermometer, and burning oxygen in a 
controlled box. 
While demonstrating the teacher tries to create 
curiosity in an interrogative atmosphere, by asking ques-
tions but not taking time for the complete answers. 
The pupils may obtain extra credit by making a report 
to the class which consist of a stated problem, method of 
finding the answer, and the solution of the problem. The 
problem must be one pertaining to the unit and be approved 
by the teacher. 
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Introductory period 
Introduction by the use of an Introductory Guide 
Sheet and demonstrations. The teacher distributes to the 
pupils Introductory Guide Sheets. The Introductory GUide 
Sheet contains questions 1 problems 1 and references Which 
bring out the ~portant concepts of the unit. 
The pupils are allowed about five minutes to read this 
through and to place a check mark at the left of the numbe 
of each question of the Introductory Guide Sheet. The II 
pupils make a circle mark at the left of the number of eaCh 
question they want to understand more clearly. The items 
marked with a circle will be demonstrated to the pupils 
by the teacher. 
The teacher asks, "How many have a circle mark beside 
number one?" If half or more of the pupils in the class 
have a circle mark the teacher demonstrates question number 
one now. 
The pupils who have a check mark on nwnber one may 
progress by thems~lves by using this time for reading re-
ferences that are given on the Introductory Guide Sheet ~ 
which references are expected to assist them in understand-
ing the items which they have indicated by a circle mark. I 
Perhaps, these pupils would be better in the rear seats 
while the teacher performs the demonstration for the others. 
After the teacher has performed the demonstration and 
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believes that most of the pupils have an understanding of 
the related learning products the teacher refers the class. 
to the references 
The references may help to bring about mastery for 
those who do not understand completely the demonstration. 
After allowing time for the reading of the references 
the teacher obtains the attention of pupils who want an-
other demonstration clarified. The teacher uses the same 
procedure as was used with item one of the Introductory 
Guide Sheet until the sheet has been covered in this way. 
Groups of five to ten pupils may perform their own 
demonstrations in sections after the majority have been 
assisted by the teaCher. 
The pupils are not re<p.ired to write on the Introductory 
Guide Sheets at this time. 
The Introductory Guide Sheet 
1. What makes soda rise in a straw when you drink wi tbl 
the aid of a soda straw? (1:13-22) (2:611 113-19) 
2. How do you fill your fountain pen with ink? What 
causes the ink to flow up the tube? 
3. What makes liquid flow in the eyedropper? 
(a) Is liquid pulled up the tube or does something 
push it up. 
(b) Can you name any other uses of air pressure? What~ 
(c) Name maChines that use air pressure. 
4. Does air have weight? (1:9-12) (2:115-18) 
(a). How can you prove it? 
(b) How high is the ocean of air? 
(c) Is a glass that we call 11 empty11 scientifically 
empty'Z 
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5. Does the atmospheric pressure have anything to do 
with the direction of the wind? (1:13-17) 2:115-18) 
(a) How is air pressure measured? 
(b) Is it impossible for an aviator to tell how high 
he is in the air? How? 
6. What property of the air makes a football, basket-
ball, and balloon's sides remain out~ (1:23-31) (2:12-131 
649,656-61, 663) What causes balloons, air planes, and 
dirigibles to remain and travel in the air'Z 
7. How are winds started? (1:149-51) (2:112-14) 
(a) Name four different wind storms • 
(b) What causes waves? 
a. What is the gas necessary for burning? (1:43-46) 
(2:225-26) 
(a) Will any other gas support combustion or burning? 
(b) \\hat are other uses of' oxygen'a' 
9. Is there a carbon-oxygen cycle? If there is, ex-
plain. (1:6,275) (2:149) Why is it that you do not have to 
change the water in a balanced aquarium in order to replace 
the supply of oxygen Which is needed for the fish? (1:6) 
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~~==~============================================= 
Optional report.-- The pupils are allowed to prepare 
and present an oral report which is from five to ten 
minutes in length consisting of the life and contribution 
of one of the following scientists: 
Torricelli, E. (1608-1647) barometer 
Priestly, J. (1733-1804) oxygen and gases 
Lavoisier, A. L. (1743-1794) oxygen and gases 
Guerriche, o. v. (1602-1688) atmospheric pressure 
Ramsay, w. (1852-1916) gases in air 
Wright Brothers (l87l-19 ) 
a867-1912) airplane 
Zeppelin, A. H. (1838-1917) balloons 
Westinghouse, (2:708) air brakes 
Otis, J. (1725-1783) elevators 
Langley,. (2:708) airplane 
Bl ck, J. (1728-1809) carbon dioxide 
Introductory period 
Introduction by the use of questions and demonstratio 
Everyone place his hand over his nose and mouth so 1hat he 
cannot breathe. Why can 1t you hold your hand there? 11 
The teacher makes a circle approximately one foot in 
diameter around the word "man", as in Figure ~ • 
========9F~====================~, · , F~~\~e 
-,-
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The teacher then writes the word "air" on the rim or 
this circle. With the same center, a second circle is made 
whiCh measures about three feet in diameter. Using this 
center point, the teacher cuts the large circle into 
several segments. The teaCher asks the pupils the following 
question: In what way does air concern man~ As various con• 
tributions are made they are placed in the segmented circle. 
The teacher allows time for the pupils to give examples 
with their answers. 
List or possible BlSWers: food, clothes, fire, sleep# 
health, cost of living, storms, dam ge, transportation, 11 
animals, homes, crops, business, disease, materials in air, 
airplanes, balloons, kites, motors, burning heat, oxida-
tion, combustion, gases, properties, composition, light, 
sound, vacuum, water, liquid air, air conditioning, fires, 
health, humidity, transportation, weather, climate, colon-
ization, temperature, wind, ventilation, plant, and animal 
lire. 
After everyone h.s contributed, time may be taken for 
pupils to write a sentence concerning the relationship or 
each topic to air. The teacher asks, "What are the ques-
tions you want answere about weather and climate? Write 
the questions on a piece of paper and pass them in at the 
end of the period. Spell the unramiliar words as well as 
possible. The ~portant thing is to ask intelligent 
questions about air. 11 
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Questions like the following may be expected: 
1. Does air have weight? 
2. How high does the air go? 
3. What diseases are carried in the air? 
4. H0 w many gases are in the air-z· 
- 5. Does carbon dioxide help burning? 
6. Why do the walls of a balloon remain out? 
7. How is wind made? 
a. What causes waves? 
9. Why does an eyedropper take up water? 
10. Why does a balloon remain in the air? 
11. How does the airplane remain in the air'Z 
12. How does air affect our health? 
13. What is liquid air? 
14. Is air mixed with water? 
15. How do plants use air? 
16. What is air conditioning? 
Two of the more able pupils may tabulate these under 
the supervision of the teacher. 
The teaCher may give recognition to the most common 
questions by using them as introductions to same of the 
lessons. 
Optional assignment:: Pupils re allowed to make a 
unit project consisting of a written paper and an oral report j 
on a topic concerning air. By arrangement of the pupil with 
the English teacher credit may be given for this paper. 
CHAPTER IV 
OUR WATER SUPPLY 
The Unit 
Water, which is universally distributed, covers over 
three-fourths of the earth's surface and is used extensive-
ly as a solvent, for cooking and f r drinking. Life with-
out water is impossible. 
(Approximate time allotment -- fifteen periods) 
Delimitation of Unit III 
1. Snowfall and rainfall are· the primary sources of 
water. 
(a) Water collects in rivers, lakes, wells, springs, 
and ponds . 
(b) The reservoir is the most important storing 
house for the water supply of Keene. 
(1) Water flows from the reservoir to our homes be-
cause of gravity. 
(2) The spring screw and compression types of faucets 
are used to control the water in our homes. 
2. Four methods are successfully used to purify the 
water which we drink: distillation, boiling, the use of 
sand filters, and the use of chemicals, such as chlorine. 
(a) Distilled water is made by condensing the water 
vapor from boiling water by passing this vapor through 
- 111 -
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cooled tubes, where the condensed vapor runs out as wat r. 
(b) Boiling the water for about twenty minutes kills 
any bacteria Which it contains. 
(c) Water which is passed thro h a properly construct 
ed sand filter is almost, if not ent i rely, purified. At 
least the harmful bacteria are so 1 rgely removed by the 
action of the filter that the water is made safe to drink. 
(d) Chemicals, such as chlorine , which in small amoun~s 
do no injury to the body, are able to kill disease produc-
ing bacteri • These Chemicals a1so render harmless any 
dead organic matt er which may be present. 
3. Typhoid f ever, although of t en spread in ther ways, 
is probably more often spread by contaminated water. It 
is caused by certain kinds of bact r i a, known as tYphoid 
bacilli, whiCh always enter the body through the mouth 
either in the food that is eaten or the water that is druriK. 
4. Sewage is removed by a system of pipes which start 
from the sinks, b owls, tubs, and wat er closets and end in 
the city sewer, a cesspool, or septic tank. 
(a) The waste materials flow down the pipes by the 
force of gravity. 
{b) The usual method of aewag disposal is to allow 
it to be acted on by nature's scavengers, the bacteria of 
decay. 
5. Soft water, WhiCh makes s ap suds more easily, is 
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more useful than hard water which contains minerals, such 
as salts of calcium or magnesium, in solution. 
(a) Temporary hard water can b made by boiling the 
water. 
{b) Permanent hard water becomes soft by dissolving 
soda ash, washing sod 1 or borax in the water. 
6. Water is useful to us in di solving parts of our 
food, so that they can be readily digested 
7. The dissolving power of water on dirt is necessary 
to keep people and houses clean and healthful. 
(Approximate time a1. lotment -- fifteen periods) 
Introductory period 
Introduction by the use of a story and discussion. 
The teacher reads the short story of Edward Bok 
bringing out the following points: 
1. Edward Bok, an !migrant Dutch boy, left sChool to 
find work in order to assist his family financially. 
2. Edward's first job was to ash windows twice a 
week for fifty cents 
3. Edward's second job was secured as the result of 
his observation. While passing a tavern, Edward noticed 
that the women and Children waited in the wagons while the 
men satisfied their thirst. By borrowing a pail and II 
drinking cups, and filling the pail with ice cold drinking 
water, Edward sold the water for one cent a cup to the 
women and children. 
Discussion questions: 
1. Was water worth a cent a cup? If so, why? 
1 
2. If a woman drank a cup of ter and didn 1 t pay for 
it, what would you do if you were Edward? Would the woman 
be justified in asking for the wate r ? What would be the 
fair thing for her to do if she needed a drink and had no 
money? 
3. For what other purpose did Edward use water? Why 
didn 1 t Edward use the dry cloth to clean the window'Z Let 
us experiment to see whether water i s necessary for clean-
ing the windows • 
Experiment: The teacher uses a dirty pane of glass. 
With a dry cloth, the teacher wipes the glass. Is the glass 
clean? The teaCher wets the cloth and wipes t he glass again. 
Does more dirt come off? What effect does the water have on 
the dirt? Would soap help more in cleaning the glass? The 
teacher uses soapy water and cleans the glass again. Can 
we clean the glass more thoroughly? Is it necessary today 
to use soap? Why not? What cleaning fluids are on the 
market? Do these help us do the job in less tLrne? How? 
From this experiment what would you conclude is the quick-
est method of washing your hands? 
Exercises and problems: Make a list on paper of 
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things which people wash two or more times a day. Make a 
list of things at home which must be washed or cleaned 
each day. What materials are used i n cleaning these things? 
How many jobs can you name which are directly connected 
with washing and cleaning, and which s erve as a means of 
livelihood? Can you name anything which does not need 
washing or cleaning? If so, what~ 
Optional activity: Write in i nk a theme entitled 
"The Scope of the Cleaning and Washing Industry". The 
teacher will arrange for English credi t and have the theme 
read to the science class, if approved. 
Discussion and individual procedure 
*1• What happens when a plant needs water and does 
not get it? 
?}2. What happens to animals when they need water and 
do not get it? 
~~3. In what types of regions in t he world do these 
conditions more commonly occur? 
*4• How many have seen moving pictures of humans and 
animals in deserts dying of thirst? Do you think these 
conditions really exist? 
~~-5. About how much water is needed each day for 
junior high school boys and girls? 
·U·6. "Water, water, everywhere, and not a drop to 
drink." Explain how this condition may be true. 
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Experiment: Water is necessary for life. Two pupils 
are to set up the experiment under t he guidance of the 
teacher. 
(a) Arrange twin bean or aster plants in twin vases. 
Number the plants A and B. A pupil appointed by the class 
will water plant A regularly in the morning and afternoon, 
but will not water plant B. He wiJLl report his observa- 11 
tiona of the plants to the class each period as long as it 
is necessary. 
(b) Arrange in twin glass containers two similar in-
sects which eat and drink in the adult at ge, . such as the 
house fly or bee. Number the insects A and B. A pupil 
appointed by the class will place a small pan of water in 
the container of insect A, but not i n the container of in-
sect B. He will make observations of the insects eaCh 
morning and report them to the class at each class period. 
Table l will be kept by all the pupil s as the reports of 
the experiment are made to the class 
Table 1. Record of comparison of a plant and insect 
supplied with water and of a similar plant 
and insect not supplied with water. 
Specimen "' l Appearance Date f Time of Day 
At the end of the experiment the foll owing ques tiona are 
to be answered: 
(1) How long did the plant and insect live without 
--
II 
II 
·---
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water? 
(2) How long was it before you could see a noticeable 
difference in the plants and insects? 
r 
(3) Make a written comparison of the watered plant 
and insect at the beginning and end of the experiment. 
?~7. How do plants obtain water'Z 
a. What are the uses of water on the farm? 
9. What are the uses of water in the city'Z 
*10. How does the air retain water'Z 
*ll. From What sources does the g round water come'Z 
12. A group of three pupils is Chosen by the class to 
make a list of springs, wells, rivers, streams, brooks, 
lakes, and ponds which are in Keene • This list will be 
reported to the class on presentation day. 
?~13. Is there suc.h a thing as evaporation of water? 
If so, what causes evaporation? How could you prove 
evaporation really takes place? (1:141-43) (2:103-04} 
Experiment: Rate of evaporation of water. The tea-
cher fills a vessel with water and marks the vessel off in 
quarter-inches. The vessel is placed in the sun on the 
window sill. The pupils keep the rat e of the water evapora 
tion in the notebook, using Table 2. 
Table 2. Record of rate of water evaporation 
from a marked vessel. 
Date Height of water in vessel Weather condition 
Each pupil will measure the water in the vessel twice a 
week for a period of two weeks. VVha t was the rate of 
evaporation at the different readings? 
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Experiment: Minerals in soluti n. The teacher pre-
pares and performs this experiment. Dissolve one-half 
tablespoon of salt in approximately two ounces of water. 
Heat the solution until the water has evaporated. What do 
you have left in the pan? Where did the water go? Why 
didn't the salt disappear? The pupils who perform this ex-
periment at home may bring the pan used, with its contents 1 
to class. 
14. What is water vapor? 
15. What is condensation of water vapor? Where does 
this take place? (1:144) (2:104-08) 
*16. What is precipitation? In what forms does it occur? 
Demonstration: Changing liquid to gas. The teacher 
makes a water spot on the blackboard and the pupils time 
its rate of evaporation. Where has t he water gone? Why? 
Demonstration: Changing gas to liquid. The teaCher 
boils water in a small flask and holds a piece of cold 
glass or mirror about one foot above the boiling water. 
What collects on the glas~? Why? (1:144-45) Another de-
monstration of condensation (2:79) • 
.;:-17. What is meant by the "watJ r cycle" (1:147-48). 
The teacher may reproduce Figure24 on a glass slide and use 
it during the explanation. 
Figure 24. The water cycl 
What are the different steps included in the "water cycle"? 
Explain how the "water cycle" is neces sary to life. 
18. Each pupil makes a diagram of the Ashuelot River 
in Keene. The best two diagrams will be displayed on the 
bulletin board. 
*19. How many private wells are there in Keene~ How 
many public wells are there in Keene? Where are these wells 
located? Well water may be unsafe to d rink. Can you explain 
why? (1 : 131~ Figure 66 ) 
-11-20. Optional pupil activity. I f you are fortunate and 
live near a spring or well, make a ske tch of the spring or 
well and accompany this sketch with short written descrip-
tion. 
*21. Using ink, write five well-expressed questi ons 
asking so~thing you would like to know concerning the 
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Keene reservoir. Arrangement by the neacher will be made 
so that credit in English will also be given. The best 
questions will be discussed in the science class. 
22. Group activity. P.ive pupils are chosen by the 
class to take a trip, Wednesday after class, to the city 
reservoir. The group should be able to answer the follow-
ing questions: 
(a) What is the source of water? 
(b) What is the size of the reservoir? 
(c) What is tile height of the reservoir from the city? 
(d) Where is the water filtered? 
(e) Where are the reservoir mains? 
(f) What is the upkeep of the res rvoir? 
(g) How many men are employed? 
*23. Pupils who visi t ed the reservoir write a fifty-
word letter to a classmate unable to make t he trip. This 
letter may be used for English credit i f the pupil makes 
previous arrangements with the English teacher. 
*24. From what other sources besides the Keene reservoir 
do we obtain water? (1:119) (2:180-81) 
Experiment: Water seeks its own ~vel. The teacher 
obtains two lamp chimneys and arranges them as in Figure25. 
The teacher fills the chimneys two-thirds full of water. 
The ves els are connected at the bottom with a rubber tubing. 
Two pupils hold the chimneys filled with water in front of 
--
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the class. The teacher has one pupil change the level or 
his chimney. What happens to the water level of both 
vessels? Water flows downhill because of gravity. Why does 
water flow upward through a pipe to the faucets on the 
upper floors of this building? (1:113) 
Figure25. Water seeks its own level 
25. A pupil possessing ability for &retching is 
appointed by the teacher to make a side-view sketch of the 
school building, showing the basement and the three floors. 
The pupil traces the flow of water from the street mains 
to the top floor with the aid of the following questions 
which are used for class discussion: Where does the water 
enter the building? Where is the water meter~ What are the 
purposes of water in our school? Where are the faucets and 
radiatcrs located'2 Where is the boiler located'Z As the II 
teacher asks the questions md the class answers, the pupil 
at the board fills in the water piping system on the sketch. 
(2:212,Figure 162) 
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~~>26. Make a diagram of the water piping system in 
your home from the time the water enters the house until 
the time the water runs from the faucet. Some of t..he best 
diagrams will be explained to the class. (2:2121 Figure 162) 
27. How is the water suppl-y controlled in our s choo~ 
and homes? What are the three main types of water faucets? 
(1:114) 
*28• Opportunity for three individual pupils to make 
oral report on a single type of water faucet. (1:114) 
During the report, pupils use a wooden faucet model, dia-
gram, picture, and real faucet. The real faucet will be 
borrowed from the janitor. (2:207-08) 
-lf-29. How many pupils have gone hiking and have taken 
drinks of water from springs, wells, or brooks1 How many 
have eaten ice or snow? Did anyone become sick from eating 
ice or drinking water from these different sources? From 
the previous discussion, discuss the following statement: 
It is not necessary to drink carefully treated water. 
~r30. How is the Keene water purified? Can you explain 
how filtration purifies water? (1:126) (2:196) 
Demonstration: A one-reel 16 millimeter sllent film 
entitled "Water Purification" may be obtained from the 
Eastman Film Company on a rental basis. This film runs 
approximately 15 minutes. 
Demonstration: Purifying water by filtering. The 
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teacher sets up a sand and gravel filter by the use of a 
lamp chimney or a similar glass tube as in Figure 26. The 
effect of allowing muddy water to pass through this filter 
is observed by the class. 
Figure 2Q. Purifying water by filtration 
\Vhy does the water become clear after it has passed through 
the filter? A substitute for this filter can be made by 
using a filter paper and a funnel. A descriptive diagram 
illustrating natural filtration can be found1 (2:77). vVhy 
is water found in a deep well usually pure and clear? · 
Demonstration: Purifying water by distillation. If 
there is not a regular distilling apparatus in the school 1 
construct an apparatus as shown in Figure27. Fill the 
flask one-fourth full of muddy water containing two or 
three teaspoonfuls of salt or sugar, and some ink. Heat 
the flask. When the water commences to boil, reduce the 
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ize of the flame so that it will boil slowly. N0 te the 
drops of water which collect in the delivery tube and in 
the test tube. 
Figure27. Purifying water by distillation 
Taste the water. Is it pure? What passes off when water 
is boiled? When water containing impurit es is boiled, 
what becomes of the impurities? (1:128-29) {2:199-200) 
~E-31. Why is water erated? 
H me experiment: Water without air. Drink water 
which has been very recently boiled, and then, driP~ tap 
water. Do you notice my difference in taste~ If so, what 
What causes the difference in the t ste? 
iE-32. What :Ls the most harmful. d.:Lsease spread by :impure 
drinking water? Is this disease contagious? ~re there my 
other types of impurities besides typhoid ger.ms found in 
drinking water? What other method besides observation is 
there to examine water? Which is the safer way? (1:130) 
-!~33. What is the difference betv1een hard and soft 
water? 
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Demonstration: Hard and soft water. The teacher fills 
a beaker with soft water and another with temporary hard 
water. The temporary hard water may be made by continuously 
passing carbon dioxide through lime water until a clear 
solution is for.med. Add soap to each beaker and stir 
vigorously. Then boil hard water and test again with the 
soap. Is Keene water hard or soft? Why is soft water more 
desirable· for laundry purposes? (1:129) 
·34. Review question. Explain the saying, ''Water is a 
solvent". (1:133) 
*Home demonstration: Dissolving materials with water. 
Each pupil makes two black marks on his hand with a burned 
match. First wipe one mark with a dry cloth. Next, wet 
the cloth and wipe the second black mark. With vbich cloth 
did you get better results? Why~ 
Demonstration: Dissolving materials with water. The 
teacher makes two chalk marks on the board. First, the 
teacher wipes one mark w:L th a dry cloth. The teacher uses 
a wet cloth and wipes the second mark. Why did the chalk 
mark come off more thoroughly with the wet cloth '2 
?1-35. What happens to the waste from the sinks, bowls, 
and water closets of our schools and homes? What is a sewer? 
How does the force of gravity help dispose of the waste 
--= 
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materials? What purpose do the city sewers serve? How many 
recall the "sewer rata" in the picture "Seventh Heaven." 
Why were they called "sewer rats"? (2:211-12) 
*36. A group of five pupils chosen by'the class are 
to via it the sewage disposal system of Keene and report 
to the class the method of disposal, the mechanical equip-
ment, number of men employed and any other things that see~ 
to them to be important 
*37. Compare the Keene sewage disposal system with 
that of a large city. (2~195) 
-il-38. If there are disease germs in waste materials of 
answers, why don 1 t we all contract diseases from the waste 
materials? What methods are used in treating the harmful 
germs in the Keene sewers? (1:132-33) 
39. Allow for an infor.mal talk by a representative of 
the waterworks department of Keene. Prepare the class for 
a question period at the end of the talk by having the 
pupils bring in questions that their parents would like to 
have answered concerning the water supply of Keene. 
aeration 
aqueduct 
condensation 
chlorination 
Tentative Vocabulary 
reservoir typho~d 
siphon 
solvent 
water cycle 
bacteria 
sediments. tion 
soil pipe 
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evaporation water vapor sewer 
humidity water trap water mains 
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Optional Related Activities 
J,}When you have completed the required work, go to the 
card file and choose one or more of the optional related 
activities in which you are interested. 
Before commencing any of these activities the pupils 
are to obtain the teacher's approval of the chosen activity. 
Each activity is typed on a card for the pupils. 
1. Make a picture, diagram, or chart of something in 
which you are interested and which has some connection 
with this unit. This is to be reproduced on a glass slide 
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and shown and explained by you on presentation day. II 
2. Take snapshots pertaining to water mains, reservoir, 
and so on, and bring these to the class. 
3. Make a minature model of a well or spring. {1:114) 
The materials can be obtained in the manual training de-
partment. The teacher will arrange also for manual train-
ing credit. 
4. Make a model Qf a filtration system. {2:196) 
5. With the aid of a graph and brief explanations, 
show the number of typhoid cases in New Hampshire since 
1920. 
6. Collect a series of pictures of rivers, lakes, 
springs, wells, and of the reservoir of Keene. 
7. Give ·the class a five-minute-talk explaining how 
rainfall is measured. Illustrate with diagrams and models. 
a. Keep a sc~apbook of all newspaper clippings :from II 
the Keene Evening Sentinel which de•l with the water suppl~. 
This will be plac~d on the display table. 11 
9. Write a short, authentic history of the development 
of the Keene water supply. The teacher will make arrange-
ments with the hietory and English teachers so that credit 
may be obtained in these subjects. 
10. Give a short talk with diagram and apparatus ex-
plaining to the class how to read a water meter. You can 
obtain meter blanks from the r:£ fice of the city water 
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department. Use these during the course of the report. 
11. The teacher will arrange with the manual training 
department for credit to be given for a model of a water-
faucet made of wood. (1:114) 
12. Compose a matching game of question cards and 
separate corresponding answer cards dealing with important 
phases of the Keene water supply. The cardboard will be 
given you by the teaCher. Make enough cards for eaCh 
member of the class. This game will be used during part 
of a regular period. 
13. Group project: Make a miniature model .or scale 
diagram of the junior-high-school-piping system. Materials 
can be obtained in the manual training department. 
14. Group project: Make a miniature model of the 
reservoir and mains connected to a home. Materials can be 
obtained from the manual training department. Can you 
make the model waterproof? 
15. Report to the class the amount of rainfall per 
year at various places in the United States. (2:110) 
16. Make a model of a lift pump. Materials may be ob-
tained from the manual training department. (1:18) 
17. Make a water wheel that can be driven by the w~ter 
stream from an ordinary water faucet. 
18. Make an instrument for measuring rainfall. (4:341) 
19. Perfor.m an experiment to show to the class that 
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water expands upon freezing. 
20. Make an oral or written report on "water used for 
power". 
21. Make an oral or written report on 11water used for 
irriga tion 11 • 
22. Make a mean annual rainfall map. (2:110) 
23. Make a list of the possible causes of a leaky 
faucet, and state how you would remedy them. 
24. How can the crew of a ship prepare fresh water 
out of sea water? How does nature do it? 
25. A housewife finds water flows with greater force 
at night than at midday •. Explain. 
II 
II 
26. In pouring oil from a can, it is usually necess-ary 
to have another hole in the can . Why? Demonstrate this to 
the class and explain why the second hole is necessary. II 
The pupils are encouraged to suggest additional pert- I 
inent projects and problems which they prefer and, if ap-
proved by the teaCher, these may be added to this file. 
Class Presentation Period 
1. The class discussions and comments concerning the 
conclusion o£ previous experiments and demonstrations are 
valuable and interesting at this time. 
2. The optional related activities are presented to 
the class at this time. These include: glass slides which 
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are shown and explained by the pupils who have made the 
slides, exhibits, scrapbooks, drawings, and models. The 
opaque projector may be used for illustrating flat mater-
ials which were made by the pupils. 
3. If any class time remains, it may be used for re-
view of unit concepts that are initiated by the pupils. 
Mastery Test 
From the list at the bottom of the page choose a 
word that will make each of the following sentences 
correct. Write the number of the ·correct word on the line 
at the right. 
Four uses of water are (1), lgl, ~~ and 111· 
Four sources of ground water are (5), (6), 
(12.z_ and ill• 
Water comes from the air in the form of ill 
and (10). 
Most of Keene's drinking water comes from the 
1 ••••• 
2 ••••• 
3 ••••• 
4 ••••• 
5 ••••• 
6 ••••• 
7 ••••• 
s ••••• 
9 ••••• 
10 ••••• 
11 ••••• 
The (12) is a popular spring on the Winchester 
road. 
Faulkner and Colony Wooler Mill uses water 
from the (13). 
When water vapor cools it (14). 
~2 ••••• 
13 ••••• 
14 ••••• 
Water rises in pipes because (15) seeks its 
own (16). 
Water is controlled in our sChools and homes 
by (17). 
The three types of water faucets are (18), 
(19), and (20). 
l. 
The Keene water is purified by (21) and (22) 
To improve the taste water is (23). 
washing 11. condenses 21. kills 
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15 ••••• 
16 ••••• 
17 ••••• 
18 ••••• 
19 ••••• 
20 •••• 
21 ••••• 
22 ••••• 
23 ••••• 
2. spring 12. faucets 22. chemicals 
3. rivers 13. screw 23. minerals 
4. wells 14. drinking 24. soil 
5. lakes 15. compression 25. better 
6. rain 16. water 26. hard 
7. snow 17. level 27. power 
a. reservoir 18. filters 28. chemically 
9. iron kettle 19. chlorine 29. traveling 
10. Ashuelot 20. aerated 
Boiling water (24) germs. 
The only sure way to examine water is with 
(25). 25 ••••• 
Hard water contains (26) in solution 
The principle waste pipe in our home is 
26 ••••• 
called the (27) pipe. 27 ••••• 
Soft water is more (28) than (29) water for 28••••• 
laundry purposes. 29 ••••• 
The harmful germs in the sewers a r e (30) 30 ••••• 
treated. 
This constant process of evaporati on and 
condensation in which clouds are for.med, rain-
falls, rivers flow to t~e sea where the water is 
again evaporated is called. the (31) and ~. 
Equally as important as dissolving dirt for 
cleaning is the dissolving of (33) for (34). 
Nearly two pounds of water are thrown off the 
(35) and lungs of every person per day. 
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31 •••• 
32 ••••• 
33 •••• 
35 ••••• 
Over (36) of the earth is covered with water. 36 •• •• 
The formation of the plains and mountains is 
often due to (37). 37 ••••• 
Water is useful for cleaning bee use it (38) 38 ••••• 
dirt for removal 
Because water enables us to apply heat evenly 
and for a long time it is useful in (39). 39 ••••• 
l. minerals 9. food 17. cooking 
2. soil 10. eating 18. animal 
3. better 11. three-fourths 19. plant 
4. hard 12. skin 20. traveling 
5. power 13. water 21. humans 
6. chemicals 14 spring 22. water 
7. water 15. kills 23. chemicals 
a. cycle 16 dissolves 
Water is necessary for (40), (41), and .(42) 
~i.:fe. 
The difficulties of life in the desert are 
due to the lack of (43). 
Desert dweller wear clothes to prevent the 
t o rapid (44) of water from their bodies. 
40 ••••• 
41 ••••• 
42 ••••• 
43 ••••• 
44 ••••• 
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Boiled water tastes flat because it contains 
very little (45) in solution. 45 
The most successful chemical treatment for 
killing germs in water is (46). 
If there is any doubt as to the purity of 
water it should be (47) before drinking. 
The dise se most commonly due to impure water 
is (48) 
Water which does not lather soap easily is 
called (49) water. 
Waste water is carried off to (50). 
The water 1§!1 prevents sewer gas and bad 
odors from coming back into the house. 
47 ••••• 
48. 
• 
49. • • 
50 •••• 
51 ••••• 
Flovdng water tends to move bodies in its (52~ 52 •• 
A fish is able to live in very deep water if 
the pressure within its body is as great as that 
of the (53). 53 ••••• 
l. eating a. animal 15. chlorine 
2 skin 9. travelling 16. tested 
3. three-fourths 10. plant 17. typhoid 
4. water 11. humans 18. hard 
5. spring 12. water 19. sewers 
6. dissolves 13. evaporation 20. trap 
7. cooking 14. air 21. path 
---------------~-
Arrange the following in the order which water follows 
in its trip from Beech Hill into a wat r glass in your 
house. 
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( ) house main ( ) faucet 
( ) street main ( ) water pipes 
( ) reservoir ( ) filtration 
( ) streams ( ) glass 
------------
Choose one and write the letter in parenthesis on the 
side. 
( ) 1. The settling of mud and silt while water is 
stored in the reserwoir is called (a) aedimentation, (b) 
chlorination, (c) aeration, and (d) solventization. 
( ) 2. Red tinted water flowing from a faucet ia due to 
(a) faulty filtration, (b) rusty pipes, (c) disease germs, 
and (d) water cycle. 
( ) 3. When water cannot reach the top of the building 
(a) gravity flow, (b) pressure tank system, or (c) 
filtration is used, 
( ) 4. High pressure water service is supplied at (a) 
some, (b) no, and {c) all hydrants. 
Crossword Puzzle Test 
~ 
To do the crossword puzzle place the answers which 
complete the statements in the puzzle. Transfer the number 
which is in the parenthesis of the statements in the paren-
thesis before the correct word which may be found below the 
crossword puzzle. A which is in the parenthesis of the 
statements means across and D means down in the crossword 
puzzle, 
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( ) evaporation ( ) chlorine ( ) path (5) air ( ) minerals ( ) traveling ( ) eating ( ) Ashuelot ( ) animal ( ) typhoid ( ) humans ( ) cooking 
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Mastery Test 
To do the crossword puzzle place the answers which 
complete the statements in the puzzle. Transfer the number 
which is in the parenthesis of the st tements in the paren-
thesis before the correct word which may be found below the 
crossword puzzle. A which is in the parenthesis of the 
statements means across and 12. means down, in the crossword 
puzzle. 
1. Two important uses of water are (2D) and Q. ?D). II 
2. Four sources of ground water are (45A), (9D) 1 {21A) , 
and (43D). 
3. ter comes from the air in the form of (46D) and 
(13A). 
4. Most of Keene's drinking water comes from the (4A). 
5. The Fau1kner and Colony woolen mill uses water 
power from the (l9D) river • 
. -
6. When water vapor cools 1 t (lOA). 
?. Water is controlled in our schools and homes by 
(4lA). 
a. The three types of water faucets are (42A), (37D), 
and (7D). 
9. Water rises in pipes because (26A) seeks its own 
level. 
10. The Keene water is purified by {34A) and (41D). 
11. To improve the taste of water it is (3D) 
12. By boiling the water germs are (28A). 
13. The only sure way to examine water is with (38A). 
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14. Hard water contains (22A) in solution. 
15. The principle waste pipe in our homes is called 
the (l8A) pipe 
16. Soft water is (39A} than (6D) water. 
17. The har.mful germs in the sewers are (25D) treated 
18. This constant process of evaporation and donden- II 
sation in which clouds are for.med, rain falls, rivers flow 
to the sea where the water is gain evaporated is called 
the (24A) (l4D). 
19. Equally as important as dissolving dirt for 
cleaning is the dissolving of (20D) for (lD). 
20. Nearly two pounds of water are thrown off the 
(44A) and lungs of every person per day. 
21. The formation of the plains and mountains is 
often due to (40A) • . 
22. Water is useful for cleaning becaus·e it ( 16D) dir 
for removal. 
23. Because water enables us to apply heat evenly and 
for a long time it is useful in (llD). 
24. Water is necessary for (27A), (12A), and (36D) 
life. 
25. The difficulties of life in the desert are due 
to the lack of (l5D) • 
. 26. Desert dwellers wear clothes to prevent the too 
rapid (lA) of water from their bodies. 
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27. Boiled water tastes flat because it contains no 
28. The most successful chemical treatment for killi 
germs in water is (32A). 11 
29. If there is any doubt as to the purity of drinkin 
water it should be (23D) before drinking. 
30. The disease most commonly due to an impure water· 
is . (30A). 
31. Waste water is carried off by (SD). 
32. The water (29D) prevents sewer gas and bad odors 
from coming back into the house. 
33. Flowing water tends to move bodi-es in it's (27D). 
34. (3lA) by water is very important in getting to 
Europe. 
CHAPTER V 
OUTLINE OF PROCEDURE FOR CADET UNIT ORGANIZATION 
OF THE UNIT WEATHER AND CLIMATE 
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Topic questions· are written by the critic teacher and 
given to the cadet. 
Topic questions 
1. What are some common weather signs and sayings and 
how reliable are they'2 
2. What observations and records do we need to 
rorecast the weather? 
3. How does water get into the air and how do rain 
and snow form'Z 
4. What are the Characteristics or our common storms? 
5. What does the weather bureau do ror us? 
6. What determines climate? 
References are selected by the critichteaaher and 
given to the cadet. 
References 
1. Pieper and Beauchamp, Everyday Problems in Science 
2. Van Buskirk and Smith, Science o:r Everyday Li.:re. 
3. Malden Course or Study 
4. Providence Oourse of Study 
Optional: 
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5. Pieper and BeauChamp, Teacher's Guide Book. 
6. Pieper, Mayfield and West, Science Problems -
Book II. 
After reading the required references the cadet 
teacher writes the delimitation of the unit by answering 
the topic questions The items of the delimitation are 
numbered consecutively. 
The delimination of the unit 
1. Common weather signs and sayings are sometimes tru 
but not too reliable. The scientific attitude and method 
of approach are important in order to accurately determine 
the reliability of these weather signs and sayings. 
2. Weather conditions suCh as temperature, air press e, 
moisture in air, direction of wind, speed of wind, and 
amount of rain or snow must be observed and recorded in 
order to accurately forecast the weather. In respective 
order, the instruments used are thermometer, barometer, 
hygrometer, weather vane, anemometer, and rain gage. 
3. Wind ia air in mot~on and is caused by differences 
in air pressure at various points on the surface of the 
earth. The three common causes · or air pressure . that are 
known are heated air which expands and becomes lighter, 
moist air which is lighter than an equal voluma of dry air, 
and third is the presence of air waves which are caused 
======~================================================~1=4==2 ~===== 
mainly by the unevenness of the surface of the land. 
4. Great high- and low-pressure areas develop within 
this moving body of air and move eastward, bringing changes 
in local weather. 
(a) A high, because of the sinking air within it, 
usually has clear, cool weather with winds blowing outward~y. 
(b) A low, because of the rising air within it~ 
usually has cloudy weather with inwardly moving winds. 
(c) The general movement of air in the United States 
is from west to east. 
5. Water is always present in the air in the form of 
an invisible gas called water vapor. The water rises into 
the air in the for.m of water vapor, -by a process called 
evaporation. 
6. The amount of water vapor in the air affects our 
health and comfort, both indoors and out. It has much to 
do with the weather, because when the humidity is high, 
the water vapor may easily be changed into the liquid form. 
7. When the temperature of the air is lowered suf-
ficiently, condensation of water vapor takes place. When 
water vapor condenses in drops large enough to fall to the 
earth, precipitation takes place. If the temperature is 
about 32 degrees Fahrenheit it falls as rain; if the tem-
perature is below 32 degrees Fahrenheit it falls as snow. 
8. When condensation occurs near the ground after the 
======~================================================ 
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air has reached the saturation point, mist or fog is pro-
duced. When condensation takes place high in the air, 
clouds are formed, and, if it is· cold enough, the moisture 
is frozen into snow or hail. 
9. There are several kinds and combinations of clouds, 
the following being the most common: Nimbus is a general 
term usually applied to any cloud from which rain or snow 
is falling or m y fall. I t consists of a thick layer of 
dark clouds without shape, and with ragged edges. Cwrru.lus, 
sometimes called wool-pack clouds, are dome shaped on the 
upper surface, while t base is flat. The margins of these 
clouds have projections whi Ch remind one of puffs of smoke. 
Cirrus is a fleecy kind of cloud that is very high in the 
sky, and which is delicate in ap~ arance, often forming a 
structure appearing like feathers. The highest cirrus 
clouds do not consist of mist, but of very small ice crystals 
which are formed because of the great cold at that height. 
Stratus is the variety which usually covers the whole sky 
on dark days, although at times it may be broken up into 
parts by the wind or by .the tops of mountains. 
10. The water cycle is the constant process of evapora-
tion and condensation in which clouds are formed, ra~ns 
fall, and rivers flow to the sea where the water is again 
evaporated. 
11. The local storm, the effect of which i ·s felt over 
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a small area of a few miles \vide, is characterized by 
temperature, humidity, and wind conditions. The sudden 
summer thunderstorm is the best example of a local storm. 
12. The weather bureau can predict in a scientific way 
the coming weather. Twice a day at e A. M. and 8 P. M., 
Washington time, the two hundred branch weather stations 
take observations of local temperature, air pressure, 
precipitation, directions, and velocity of the wind, state 
of the weather, as well as the ~mum temperatures since 
the last observation. These observations are telegraphed 
to the state centers. Each state expert prepares a com-
posite account of the state conditions, and telegraphs it 
in code to Washington. Weather conditions are marked on a 
map of North America -- 12 by 8 feet high - as they are II 
reported by telegraph. From the composit accounts of each l 
state the chief forecaster is able to get a bird 1s-eye view 
of the country's weather, and from his knowledge of the 
laws of weather conditions, can forecast for several days 
in advance. 
13. Weather forecasts and warnings protect lives, 
crops, shipping, and property. 
14. Climate refers to the average weather cond~t~ons 
over a period of years in a cert in region, and the extremes 
of temperature, rainfall, and wind conditions. 
A mimeographed sheet whiCh contains suggested items for 
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possible teaChing aids ia given to the cadet by the critic 
teacher. 
Suggested items for possible teaching aids 
I. Questions pupils are apt to want answered. 
II. Superstitions whiCh exist concerning this unit. 
III. Everyday occurences. 
IV. Possible photographs. 
v. Health problems. 
VI. Vocational opportunities. 
VII. Avocational opportunities. 
VIII. Additional text and current references. 
IX. Demonstrations and experiments. 
x. Possible trips. 
XI. Motion pictures 
XII. Lantern slides, home made slides, and fiLm slides. 
XIII. Pictures, Charts, and diagrams. 
XIV. Possible home assignments. 
XV. Optional projects and problema. 
Teaching aids written by the cadet to be used in 
teaching the unit. 
Teaching aids 
I. Questions pupils are apt to want answered. 
1. What makes the wind blow? 
2. Where does dew come from? 
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3. What is the difference between cloud and fog?· 
4. Where does the water disappear? 
5. What must you lmow in forecasting the weather? 
6. What is humidity? 
7. What is the difference between a typhoon, hurricane, 
and tornado. 
a. How does a barometer operate? 
9. How is a weather map made~ 
10. Where are the weather bureaus located? 
II. Superistitions that exist. 
l. Rain before seven; clear before eleven. Rain after 
seven; rain al1 day. 
2. "When the wind is in the east, 
'Tis good for neither man or beast." 
3. When the stars begin to huddle 
The earth will soon become a puddle. 
4. Ground hog sees his shadow -- spring is soon to 
follow. 
5. A heavy corn husk is a sign of a cold winter. 
6. A circle around the moon with as many stars as 
there may be within the circle, indicates the number of 
days before the storm. 
III. Everyday occurances related to the unit. 
1. Storms: 
2. Winds: 
air, land, and sea. 
hurricane, typhoon, tornado. 
147 
3 Precipitation: snow6 hail, dew6 frost, sleet, 
clouds 6 fogs. 
4 Sun 
5 Instruments: vane, thermometer6 barometer, 
anemometer, hygrometer, hygrometer6 and rain gauge. 
6. Weather reports: newspaper, radio 6 map, and 
persons. 
7. Weather wreckage results: storms, flood, and fire. 
a. Crashes: automobile, ship, and airplane. 
IV. Health problems. 
1. Proper temperature and humidity for play and work. 
2. Enough sunshine for growing pupils • 
3. Dangers in making trips during stonns. 
4. Proper care and caution against colds. 
5. During times of floods, a necessary caution for 
typhoid and other diseases. 
v. Possible trips. 
1. Beech Hill -- to observe weather erosion, wind 
conditions, barometers, and thermometer changes. 
2. Ashuelot River -- to observe same conditions as 
in 1. 
3. To Sentinel Weather Building -- to observe weather 
instruments' rain gauge 6 thermometer, barometer, vane, 
and anemometer. 
VI. Possible home assignments. 
1. Experiment. Pupils keep careful records of at 
least five of the most common signs and sayings. 
Sample Chart 
Reliability of Signs and Sayings 
Signs and Sa.yings I True I False I Percent True 
2. Ask your parents and friends if they can add to 
your list of weather signs and sayings 
148 
3. Take detailed notes on one radio weather report. 
Follow this up and see how accurate this is. These 
will be reported on i n class. If you haven't a radio use 
a report from two newspapers. 
4. Keep a weather Chart. 
Sample Chart 
Weather Chart 
Date Temperature Feeling of Air 
VII. Optional projects and problems. 
Direction of Wind 
1. Write a story that the glass slide or picture tells 
you. 
2. Keep a scrapbook of the daily newspaper reports 
from one paper and after each write whether they are true 
or false. 
3. Keep a record o£ the £orecast made from Dr. Miles' 
Weather Calendar for a three week period and after eaCh 
write whether they are true or false. 
4. Make a special report on the recording thermometer. 
(2:95) 
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5. Make a study of a series of weather charts and 
forecast the weather. 
6. Give a report on the hurricane of 1938. 
VIII. Demonstrations and experiments to be used in the unit 
1. What are the sources of water vapor? Pour a measur-
ed amount of water in a marked glass container. This is !I 
to be put aside and a pupil appointed to measure the amount 
of water that i left at periods of inspection. Is it the 
same? Where did it go? Why? 
2. What is evaporation? With an eyedropper put drops 
of water on the blackboard. In a few minutes observe. 
Where have the rops of water gone? 
3. Water v por gets in the air from plants. (1:140 1 
Figure 67). 
4. What is the water cycle? (1:148, Figure 70). 
5. How does dew for.m? Collect at am from a boiling 
water vessel on a cold piece of glass. 
6. H0 w is the thermometer made? (1:86-7, Figure 46-7) 
7. How is he barometer made? (1•14-5, Figure 10), 
{2:116, Figure 84) 
a. Large ~ ather map and explanations from Washington, 
District of Columbia. (1:161-63). 
9. How doe a weather vane tell direction? Make a 
cardboard weather vane so that it points in the direction 
from which the ind is blowing. 
• 
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10. How is humidity measured? {1:83-4, Figure 45) II 
The writing of an introduction to the unit by the cadet 
teaCher should be simplified because o the directed prep-
aration of the reading, Which consists of reading of the 
selected references, crystali~ation of earning products 
through the writing of the delimitatio 1 and the writing 
of the suggested teaching aids whiCh a e to be used in the 
teaching of the 'LUlit 
The unit introduction 
The author refers the reader to any one of the in-
troductions of the unit presented in Chapter II. 
The cadet budgets the items of the delimitation and 
teaching aids into tentative daily lesson plans. 
Budget of lesson plans 
Lesson Plan Items of Delimitation Teaching Aids 
1 Introduction 
2 1 and 2 II, IV, VI-1,-2 
3 2 and 3 IV, VI-4, VIII-6,-9 
II 
IJ 
4 5 and 6 VII-2,-3, VIII-1,-2,-3 
5 4 VI-41 VIII-7,-8 
" 6 6 and7 VI-31 VII-5 1 VIII-8 
7 7 and 8 VIII-5,-10 1 and charts 
8 9 and 11 IV, VI-3 1 VII I! 
9 10 and 14 III, VIII-1 I 
10 12 and 13 V-2 , and review II 
· Presentation of o ,t:l.onal related activities. 11 p 
Make contents of notebook. II 
12 Objective test II 
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The critic-teacher has two alternatives in directing 
the cadet toward the making of the le son plans for the 
unit. First, by having the cadet write lesson plans 
directly from the Budget of lesson pl ns, and second, by 
having the cadet write the unit assignment from the Budget 
of lesson plans and then write the le son plans from the 
unit assignment. If time8llows, it i the writer's belief 
that a better teaching job will be done by the cadet if 
the latter method is used. Allowing for individual dif-
ferences in the rate of work of cadet good results are 
expected to be obtained by writing th daily lesson plans 
directly from the Budget of lesson pl ns. T.he daily lesson 
~ plans written by the cadet are expected to include the good 
features of various types of lesson planning with the dail 
objective or objectives, pupil activity, and teacher 
guidance. They may also contain the materials to be used 
and a sp ce for the results of the le sons, whiCh are to 
be noted after each lesson is taught. 
The writer does not trouble the reader with a repeti-
tion of the unit assignment broken up into daily lesson 
plans. 
After the cadet has taught at le st half of the unit 
an objective test for the unit is submitted to the critic 
teacher. The rriter refers the reader to Chapter II for 
the objective test for this unit. 
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CHAPTER VI 
EXPERIENCE WITH THE UNIT-ASSIGNMENT METHOD 
The unit and unit assignment presented in this 
thesis on the topic OUr Water Supply, for seventh-grade 
general science, is a revision of an original unit and 
unit assignment which was written and taught by the author, 
a critic teacher, and taught by Wi~er Carle, a cadet 
teacher. 
As previously stated, this grade was divided into 
three sections The heterogeneity of the classes was re-
duced by grouping together pupils who elected French, 
these pupils usually rank in the upper third of the class 
in the scores of the grade in scholastic and academic 
achievement -- and by the further cla sification of the 
remainder of the pupils on the basis of scores made on 
tests of reading ability and on the average of their 
scholastic achievement as measured by school marks. The 
writer taught Class Section I, the pupils who elected 
French, and Class Section II, the pupi ls lowest in rank 
who were selected by the above groupit~ method. The cadet 
teacher taught the class section of t e pupils highest in 
rank, selected by the same grouping m thod. 
Both teachers taught the unit in the same classroom 
and during the same weeks. The techniques and procedures 
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of the unit-assignment method were car fully followed. 
The study guide was distributed to the pupils, and the 
optional related activities were place in a card file on 
the teacher's desk, and the purpose of the cards was· 
explained to the pupils. 
The writer, to the best of his ability, explained to 
the cadet the organization, techniques, and procedure of 
the unit-assignment method. 
The cadet was permitted to exercise some originality 
in the organization of the daily lesson plans whi~~ were 
taken mostly from the unit assignment. Mr . Carle previousl 
had taught 12 of his 18 weeks of practice teaching and was 
given complete charge of his class during the teaChing of 
the unit. 
Approximately 12 percent of the seventh-grade pupils 
used optional activities suggested in ~~e card file. These 
activities included diagrams reproduced on glass slides, 
oral reports, and demonstrations. 
The test scores which are presented in Table 2 are 
intended merely to show results from pupils of three class 
sections in which the unit-assignment method was used. 
Table 2. The scores made by the pupils of three 
class-sections in seventh-grade generai 
science on the unit, Our Water Supply. 
Pupils Taught by 
Cadet Critic Teacher 
154 
l 
Teacher Class-Section 1 Class-Section 2 
Score Fre_cuency Frecuency Frequency 
Number Percent Number Percent Number Percent 
64-69 1 3 0 0 
59-63 0 0 0 
54-58 1 3 5 23 0 
49-53 8 25 4 18 0 
44-48 2 6 9 41 1 4 
39-43 4 13 2 9 2 9 
34-38 4 13 1 5 6 26 
29-33 9 28 1 5 2 9 
24-28 2 6 0 4 17 
19-23 l 3 0 7 30 
14-18 0 0 1 4 
Ra11ge 65-21 57-33 45-16 
Mean 27.7 47.5 29.1 
Standard deviat~on of entire class: 11.10 
True mean of entire class: 39.49 
After Mr. Carle had finished his 18 weeks of practice 
teaching, the uthor asked him to write a criticism of the 
unit and unit assignment. The criticism written by the 
cadet follovfs: 
l"i 
l 
11 I used the u..ni t plan at Central Junior High School 
in Keene, New Hampshire, with 32 pupils in the class. I 
believe the value of suCh a plan can be judged only by the 
results that were noticeable during the five weeks it was I 
being taught. It was an invaluable tLme-saver to both the 
pupils and me. It eliminated all the otherwise necessary 
reference work for the teacher to find suitable questions 
and problems:~ and experiments. 
"The plan itself was comprehensive and so detailed 
that it enabled both the pupils and me to grasp the meanin 
of every question, problem, and experiment. Through a 
study of our local water supply and se of this unit plan, 
the pupils became better acquainted ith a part of their 
environment that may have passed without notice formerly. 
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"The test at the conclusion of the plan is character-
istic of the plan itself, being very definite and exacting 
and making some allowance for intelligent reasoning. 
"One of the greatest assets of the plan is that it 
provides for individual differences, as shown by the re-
sults in the notebook and test 11 • 
After taking the course in the unit-assignment method 
the writer preceded to organize units, as he taught them, 
using the unit-assignment method. In t eaching the course 
for the first year the author found time only for the 
writing of the delimitation, list of teaching aids, 
budgeting of the items of the delimitat ion and teaching 
aids into daily lesson plans, and the unit test. It is 
expected that the written subject matt r of the units will 
be revised from year to year and the units be developed 
further, using the unit-assignment method 
During the course of teaching the units for the secon 
year, the units whiCh were started in he previously men-
tioned organization are expected to be revised and given 
the benefit of the experience gained by the author in 
writi ng this thesis. The composition of this thesis has 
clarified in the writer's mind many of the doubtful points ! 
of the techniques and procedures of this plan of unit 
organization, and should be of great help in the future 
development of units in his courses. Building on from 
this point a detailed introduction is to be added in 
conjuction with the writing of the first draft of the unit 
assignment and, finally, the optional-related-activity file 
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will be started. During the third year the writer's plan 
is to rewrite the unit assignment, organize a study guide 
for the pupils, and further develop the ard file of the 
optional related activities of each unit. The fo~rth year 
the wri er's plan is to differentiate th subject matter 
of the unit assignment and enrich this i quality as well 
as in quantity of required work. A special effort will be 
made to aocumulat a file ·of exoelle.nt optional activities. 
In the fifth year of the writer's propos d pla~ of pro-
cedure eaoh unit will be revised and strengthened and an 
alternate mastery test will be prepar,ed for eaoh unit. 
The writer r alized that the building of units employ-
ing the unit-assignment technique is a task that may be 
expected to take everal years. He also realizes that no 
unit and unit assignment will fit succeeding class sec-
tions without revision from year to year. This revision 
will stimulate the professional growth of the teacher, 
and hence be · of benefit to the classes. The teacher who 
organizes his work effectively and systematically is 
repaid by a feeling of teaching confidence and personal 
pride in the suooess of his efforts. 
157 
SELECTED ANNOTATED BIBLIOGRAPHY 
Billett , Roy o., Provisions for Individual Differences, 
Marking, and Promotion, Monograph No. 13, National 
Survey of Secondary Education, 1932, pp. 227-392. 
This monograph includes a comprehensive discussion 
of the unit-assignment method. Specimen unit and 
unit assigqments contributed by various schools are 
also presented in this monograph. 
-----=----=-...--"Directed Learning and the Unit Assignment", 
Proceedings, Department of Secondary School Principals, 
Bulletin No. 45, 1933, pp. 55-76. This paper gives 
brier practical discussiona of ~h basic considera- I 
tiona of unit organization. 
Beauchamp, Wilbur L , Mayfield, John c., and West, Joe Y., 
Science Problems, Book I, Scott, F'oresman and Company, 
N. Y., 1939. This volume is perhaps the best all a-
round text for seventh-grade gene al science pupils. 
It ~a especially good for large illustrations and 
diagrams with ample choice of problems, projects and 
demons tra ti ons • 
Science Problems, Book II, Scott, Foresman 
and Company, N. Y., 1939. This volume is perhaps the 
best all around text for eighth-g ade general science 
pupils. It is especially good fo large illustrations 
and diagrams, with ample choice of problems, projects, 
and demonstrations. 
Hunter, George ., Science Teaching, Anerican Book Company, 
Boston, Mass. 1934. This book pr sents in a simple 
way the more recent findings in education as they 
apply to science teaching in secondary schools. Many 
references are given to recent articles and some more 
important ones are abstracted. 
Pieper, Charles J. and Beauchamp, Wilbur L., Everyday 
Problems in Science, Scott, ,Foresman and Company, 
Chicago, Ill., 1937. This book c ntains a great deal 
of subject matter for teaching general science, 
written ror the more intelligent ighth- and ninth-
grade pupils. This contains good i1lustrations, 
diagrams, and demonstrations. 
Van Buskirk, Edgar F. and Smith, Edith L., The Science of 
Everydal Life, Houghton Mifflin Company, Boston, Mass. 
1933. good all around text for teaching general 
II 
158 
science~ This volume is more suit ble for eighth-
and ninth-grade pupils. Part I is fundamental to 
Part II and the material is so gra ed that the more 
difficult topics are in Part II. It has good de-
monstrations and .experiments. 
National Society for the Study of Educat ion, Part I The 
Thirty First Yearbook. "A Program or Teaching Science', 
Public School Publishing Co., 1932. The volume pre-
sents: first, a general plan for an integrated pro- II 
gram of science teaching; second, n adaptation of 
this general plan to the successiv grades of each 
of the administrative units of the public school; and 
third, a suggested program for the education of scienc~ 
teachers. 
National Education Association, Thirtee th Yearbook, "Aids 
to Teaching in The Elementary SChool. 11 The National 
Elementary Principal Bulletin of t e Department of 
Elementary SChool Principals, Vol. XIII, No. 5 1 1934. 
This yearbook centers attention on the devices or aids 
used in teaching and the proper use of such aids. A 
book valuable for the suggestions it offers. 
F=====~================================~==========~59 
APPENDIX 
Keys for Mastery Tests 
(Page 47) 
1 -- 11 43 -- 21 19 16 61 -- 4 
2 -- 10 44 -- 23 20 18 62 -- 19 
3 -- 3 45 22 21 19 63 -- 16 4 8 46 2 22 - 17 64 -- 17 5 9 47 -- 8 23 -- 23 65 -- 3 6 13 48 9 24 
-- 25 66 -- 1 7 4 49 2 25 
-- 24 67 -- 18 8 5 50 11 26 
-- 26 68 -- 20 9 15 51 4 27 
-- 27 
10 -- 12 52 5 28 13 (Page 132) 
11 12 53 6 29 16 1 -- 14 12 ~ 54 -- 7 30 12 2 -- 1 13 -- 16 55 10 31 17 3 -- 29 14 20 56 16 32 14 4 -- 27 15 18 57 12 33 18 5 -- 4 16 17 58 15 34 11 6 -- 5 17 19 59 13 35 15 7 -- 2 18 2 60 17 36 10 8 -- 3 19 3 61 14 37 19 9-- 6 20 1 62 7 38 -- 9 10 7 21 8 63 18 39 20 11 8 
22 9 64 -- 19 40 4 12 9 
23 9 41 -- 5 13 10 
24 -- 13 (Page 91) 42 -- 8 14 11 
25 -- 11 1 -- 8 43 -- 6 15 -- 19 26 10 2 -- 10 44 -- 3 16 ·-- 17 27 12 3 -- 7 45 -- 1 17 -- 12 28 18 4 -- 6 46 -- 2 18 -- 15 29 14 5 9 47 -- 10 19 13 30 7 6 28 48 -- 11 20 
--
2 
31 -- 6 7 11 49 8 21 -- 18 32 -- 19 8 1 50 8 22 -- 19 33 5 9 12 51 -- 9 23 -- 20 
34 -- 3 10 4 52 -- 11 24 -- 15 
35 -- 4 11 3 53 -- 7 25 -- 23 
36 -- 1 12 1 54 -- 10 26 1 37 2 13 2 55 -- 6 27 2 38 -- 16 14 -- 21 56 -- 12 28 24 39 -- 17 15 -- 14 57 14 29 4 
40 -- 19 16 -- 20 58 5 30 6 41 22 17 ':1- 22 59 13 31 7 42 -- 20 18 -- 15 60 -- 15 32 8 
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(Page 132) DOWN 
33 -- 9 (19) (28) (27) 
34 -- 10 (18) ( 3) ( 1) 
35 - 12 (15) (26) (36) 
36 -- 11 (24) ( 7) ( 3) 
37 -- 7 (25) (11) (29) 
38 -- 16 (27) (13) (23) 
39 -- 17 ( 28) ( 8) ( 2) 
40 -- 8 (23) (15) ( 7) 
41 -- 10 ( 1) (12) ( 8) 
42 -- 11 (13) (16) ( 9) 
43 -- 4 (14) ( 9} (25) 
44 -- 13 (22) ( 6} (43) 
45 -- 14 ( 7) ( 2) ( 5) 
46 -- 15 (16) ( 1) (19) 
47 -- 16 ( 2) (27) (11) 
48 -- 17 (17) (21) (37) 
49 -- 18 ( 3) (20) 
50 -- 19 (10) (Page 136) (41) 
51 -- 20 (21) ( 6) 
52 -- 21 (20) ACROSS (17) (29) ( 1) (15) (6) (26) (22) (14) (5) ( 6) (12) (46) (2) (13) (16) (1) (Page 96) ( 4) 
(7) (29) (10) 
(4) (25) (21) 
(3) (24) (26) 
(8) (23) (18) 
(22) (27) 
(a) (20) (28) 
(b) (19) (39) 
(b) (18) (32) 
(c) (16) (31) 
(17) (30) 
(Pa~e 52) (14) (24) 
4) (12) (34) 
( 5) ( 9) (41) 
( 3) (10) (38) 
( l) ( 8) (42) 
(12) ( 4) (44) 
(11) ( 5) (40) 
( 8) ( 2) (45) 
( 9) (21) 
Weather Signs and Saying 
1. Rain before seven; clear before leven 
Rain after seven; rain all day. 
2. Mackerel sky at night 
Sailors delight 
Mackerel sky in morning 
Sailors take warning. 
3. "When the wind is in the east, 
'Tis good for neither man or beast ." 
4. "An evening grey and mornin~ red 
Will send a man wet to bed. 
5. When the stars begin to huddle 
The earth will soon become a puddle. 
6. When the clouds appear like roclcs and towers 
The earth's refreshed by frequent showers. 
7. If the sun goes pale to bed 
'Twill r in tomorrow, it is sai • 
8. Coo coo in the hollow 
Rain is sure to follow 
Coo coo on the hill 
Bring water to the mill. 
9. Rainbow at night sailors delight 
Rainbow in the morning sai1ors take warniP~. 
10. If the oak comes out before the ash, 
It will be a summer of wet and splash, 
If the ash comes out before the oak, . 
It will be a summer of fire and smoke. 
11. When the sun rises rosy red 
You are going to have a storm 
before 10 it is said. 
12. If the ground hog sees his shadow spring is 
soon to follow. 
13. The return of certain birds (Robin) spring 
is soon to follow. 
-
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